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The ‘Technology of Risk and Return 


By EDWARD GREENBERG, WILLIAM J. MARSHALL, AND JESS B. YAWITZ* 


The behavior of the firm under uncer- 
tainty and the valuation of risky assets are 
basic concerns of contemporary economic 
and financial theorists. In this study, we 
present several models which illustrate the 
interdependence of the micro-economic 
decisions of the firm and the market’s 
valuation of its capital assets. Such deci- 
sions as price and capital investment are 
shown to affect the risk-return combination 
presented by the firm to the financial mar- 
ket for valuation. It is assumed that deci- 
sions are made in order to maximize the 
market value of the firm given the risk- 
return preferences of investors. Thus, the 
models we present directly link behavior in 
the product and financial markets. 

To represent the financial markets, we 
make use of the capital asset pricing model 
(CAPM) developed by William Sharpe, 
John Lintner, and Jan Mossin. This theory 
provides, as a condition for capital market 
equilibrium, an explicit model of the valua- 
tion of risky assets. Several advantages over 
the more familiar expected utility approach 
result from the use of a positive theory of 
market value. First, it is desirable that the 
model of firm decision making under un- 
certainty be consistent with a financial mar- 
ket equilibrium. Second, the goal of the 
firm appropriate to financial market theory 
is the maximization of the market value of 
the firm. In contrast to the expected utility 
approach, analysis under the CAPM does 
not depend on individuals’ preference. 
Third, the use of an explicit model of asset 


*Professor of economics, Washington University 
(St. Louis); assistant professor of finance, Texas 
Christian University; and associate professor of 
finance and business economics, Washington Uni- 
versity. We wish to thank Charles Wilson of the 
University of Wisconsin and Frederick Warren- 
Boulton of Washington University for their helpful 
comments on an earlier version of this paper and 
Phillip Kott of Brown University for pointing out an 
error in one of our equations. We take collective 
responsibility for any remaining errors. 
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value enables us to derive explicit and com- 
putable comparative static results. The re- 
sulting implications for firm behavior ap- 
pear to be suitable for empirical testing and 
investigation. The prospects for empirical 
work are further enhanced by the common 
dependence of all firms on capital market- 
determined parameters. Finally, although 
the point is not developed in this paper, it 
should be noted that our approach has the 
potential to link firms’ actions with changes 
in macro-economic activity. To the extent 
macro changes affect risk preferences, there 
will be an impact on, for example, invest- 
ment decisions. In turn, these have macro 
implications. 

We turn to a brief literature review before 
presenting the basic model and illustrations. 


I. Review of Literature 


This brief review is specifically concerned 
with the treatment of risk in the valuation 
of security prices and its role in investment 
decisions, beginning with the contribution 
of Franco Modigliani and Merton Miller. 

Modigliani and Miller emphasized the 
now obvious conclusion that the total value 
of a firm depends on the nature of its assets 
and, in the absence of taxes, is independent 
of financial structure. The financial struc- 
ture of the firm determines only the alloca- 
tion of the firm’s value between debt and 
equity investors. To control. for the effect 
of uncertainty on the value of assets, they 
defined the concept of “equivalent risk 
classes.” Each risk class consists of firms 
whose returns are perfectly and positively 
correlated. These firms are considered 
equally risky in the sense that the uncertain 
return distribution associated with invest- 
ment in a firm can be replicated exactly by 
appropriate investment in any other firm in 
the same risk class. Being equally risky, all 
firms in a particular risk class are subject 
to the same required rate of return on capi- 
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tal and use this rate in making all invest- 
ment decisions. s 

Unfortunately, the theory does not sug- 
gest what determines the absolute, or even 
relative riskiness, of a particular risk class. 
Therefore, one is unable to rank classes on 
the basis of risk and systematically inves- 
tigate the relationship between risk and the 
required rate of return on capital. 

The development of the CAPM in the 
mid-1960’s permits, under a particular set 
of assumptions on investors’ preferences 
and market behavior, a consistent answer 
to both questions. Rather than presuppose 
the existence of risk classes, risk is assumed 
to be a function of the covariance between 
a firm`s cash flows and the market’s cash 
flows. This view of risk is consistent with a 
normative theory of portfolio selection 
under the assumption of normally distrib- 
uted returns. All firms are directly compa- 
rable once their returns and covariances are 
known, and the prices of securities can be 
determined. Moreover, investment deci- 
sions can be based on a risk-adjusted re- 
turn, consistent with Modigliani and Miller, 
with the appropriate risk adjustment pro- 
vided by the theory.' 

This model is similar to a model of an 
exchange economy in the sense that the 
amount of risk and return offered by firms 
is assumed to be fixed, and the market 
determines prices for securities in such a 
way that investors are willing to hold the 
existing risk and return combinations. In- 
vestors’ willingness to hold such combina- 
tions is reflected in the market price of 
risk, a parameter of the equation which 
determines security prices. 

The use of the CAPM as a medium for an 
investigation of firm behavior is a direct 
extension of the expected utility approach 
exemplified by the works of Ira Horowitz, 
Hayne Leland (1972, 1974), Agnar Sandmo, 
Raveendra Batra and Aman Ullah, and 
others. These authors propose that the firm 
maximizes the expected utility of its owners 
by its choice over various decision vari- 


'See the work of Robert Hamada or Mark Ruben- 
stein. 
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ables. The CAPM is based on the assump- 
tion that investors are expected utility 
maximizers, but hold portfolios of invest- 
ments rather than positions in single firms. 
While the expected utility approach is more 
general, it yields results which are depen- 
dent on the preferences of an individual and 
therefore is unable to contend with prob- 
lems where the firm represents many in- 
vestors or individuals hold many invest- 
ments. The CAPM requires stronger 
assumptions about individual preferences, 
but overcomes these other limitations. 

The investment model of Michael Jensen 
and John Long, discussed below, is a link 
between the CAPM and the present paper.’ 
In their study, the firm chooses an optimal 
rate of investment within the CAPM frame- 
work. Although not explicitly described as 
such, this choice entails a choice of mean 
and covariance for the firm, parameters 
which are ordinarily considered fixed in the 
CAPM. Our intention is to extend the idea 
of choosing mean and covariance to other 
Situations, and to draw some implications 
for theory and for empirical studies; the 
general idea is sketched in the next section. 


II. Production of Risk and Return 


The analysis of capital market behavior 
which results in the well-known CAPM 
equation, 

E(Rn) — Ry COV (Ri, Rn) 

o(R,) o(Rn) 
closely parallels the analysis of general 


equilibrium models of exchange in eco- 
nomics.’ These models are designed to de- 


(1) E(R) = R; + 


2The interested reader can gain additional back- 
ground for our paper from the works of ,Steiner 
Ekern and Robert Wilson, Eugene Fama, Robert 
Merton and Marti Subrahmanyam, Joseph Stiglitz, 
and our 1975 paper. 
3We employ the conventional CAPM notation in 
equation (1): 
E(R;) = the expected rate of return on security i 
Ry = the risk free rate of return 
E(Rm) = the expected rate of return on the so-called 
market portfolio 
a, COV = the standard deviation and covariance op- 
erators, respectively. 
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termine market-clearing prices for fixed 
quantities of products, given consumer 
preferences. In the CAPM, firms offer two 
financial products, expected return and risk, 
where risk is proportional to the covariance 
between the firm’s rate of return and the 
rate of return of the market portfolio. It is 
assumed that expected return is positively 
valued and risk is negatively valued by in- 
vestors. The price of each firm’s securities 
will adjust, given expected value and co- 
variance of cash flows, so that the returns 
obtained by security holders satisfy equa- 
tion (1). l 

Although many interesting and useful re- 
sults emerge from the analysis of exchange 
of fixed quantities of risk and return, an 
equally important set of issues arises in con- 
nection with the fact that the firm may vary 
the risk-return combination it offers to the 
market by its choice of sich variables as 
price and investment. Thus, in analogy to 
production theory, the firm maximizes its 
market value by choosing from among the 
attainable set of risk-return combinations. 
That set represents the “‘technology” for the 
production of risk and return. We study 
this production in a partial equilibrium 
setting. M 

Since Ř; = ¥;/S;, where X, and S; denote 
the firm’s net income and market value, re- 
spectively, we solve equation (1) for S; as 


O) S,=+ [ER - A COV(X, Š n) 
Ry 


where Àm = a 
o (Xm) 

Smis the value, and X,, is the net income, 
respectively, of all assets comprising the 
market portfolio; X,, is the equilibrium rate 
of exchange of return for risk and is nor- 
mally referred to as the ‘market price of 
risk.” Its value reflects the community’s 
aggregate risk-bearing preferences. Al- 
though Àm is considered exogenous to the 
firm, we consider the effects of changes in 
its value on several of the firm’s decisions. 
Equation (2) clearly indicates the positive 
effect of E(X)) and the negative effect of 
COV(X;,Xm) on valuation (assuming 
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FIGURE | 


COV > 0) We now consider the tech- 
nology producing „u and COV. Figure 1 
indicates the general properties that we 
would like this technology to have. The set 
of feasible combinations lies under the 
curve; the curve represents the efficient set 
where maximum p is obtained for a given 
COV. We draw this efficient set as convex 
to reflect the idea that increases in COV 
yield successively smaller increase in uy. 
The location of the intercept is discussed 
below. As we indicate later, the various 
models which are developed generate a 
frontier similar to Figure 1. 

If we denote the boundary of the ef- 
ficient set by 


(3) 


we can maximize equation (2) subject to 
equation (3): 


J(u, COV) = 0 


(4) H = lu ~ COV] ~ yf (m COV) 
f 
ôH 1 yfo 
Ou Ry 
ôH Àm t 
sor p Wer 


4For the remainder of this section we drop the firm 


subscript and define 


= E(X), COV = COV (È; Xm) 
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FIGURE 2 
which implies 
6) eee 
fu 


That is, to maximize value, choose the u- 
COV combination at which the slope of the 
efficient set equals the market price of risk. 
Graphically, we place equations (2) and (3) 
on Figure 2, moving as far to the northwest 
as possible. This diagram allows us to ex- 
amine the effects of changes in the technol- 
ogy and changes in Àm on the value- 
maximizing -COV bundle. As an example, 
an increase in the market price of risk will 
increase the slope of the line and result in a 
lower u and a lower COV (a movement 
from point a to b). We next consider spe- 
cific examples of the -COV technology 
set. 


HI. Examples of Risk and Return Production 


In this section we illustrate the p-COV 
technology by considering several simple 
models in which a firm attempts to maxi- 
mize its market value by choosing values 
for a set of variables under conditions of 
uncertainty regarding future values of other 
variables. In each case we examine the 
sensitivity of the decisions to changes in 
the market price of risk and other param- 
eters, 


x + 
EZ 
Pg 
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A. Investment under Constant 
Stochastic Returns to Scale 


We begin with this case because it has 
already been discussed in the literature, al- 
though from a different perspective. Jensen 
and Long consider a firm investing an 
amount /, on each dollar of which it earns 
the random rate of return p. The covariance 
of firm j’s cash flow with the market is then 


(6) COV[X; + pl, X; + X2 +...X; 
+ pl +...Xy] 
= Om + Loi + Loom + Po 
where Om = COV[X;,X, +... + Xn] 
oj, = COV[X;, p] 
COV [p,X; +... + Xa] 
VAR(p) 


Tom 


2 
Tp 


Since we wish to avoid questions associ- 
ated with financing methods, the simplest 
approach is to assume that the firm acquires 
its capital equipment by rental, so that the 
value of the firm must be diminished by this 
obligation: ~ 


1 3 
(1) S= g [ay + BE ~ Nal 
f 
+ Ioj + lop + 1?02)) ~ I 
= i lm + (B - R)I ~ rnlon 
S 
+ Io + lopm + Io) 


Jensen and Long proceed by determining 
the value of J which maximizes S;: 





ôS; 1 
(2) D a 5 Ry An 
al R á 
* (Gj) + Opm + 2I0;3)] = 0 
or 
(9) [* = (P j Ry) a Am( Ojo + Tom) 


Amor 


Alternatively, since each choice of J de- 
termines a different -COV combination, 
we may view the firm as choosing a -COY 
package through its choice of J so as to 
maximize its value. Let u(/) and COV (I) 
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be the respective return and covariance de- 
pendent on Z. Then, from equation (7) 


(0) wp) =n + @- R)I 
(11) COV(D) = apm + Lop + lom + P03 
To determine the boundary of the efficient 


set, we solve equation (10) for J and sub- 
stitute into (11) to obtain 


(12) COV(D) = om + (Goss) 


P-R 
wl) - uY 
"(Op + Opm) + 0% (Oe) 
= _ Hop + Om) BO 
= Fim SAR 5- RX 
P- Ry (p — Ry) 
ul) _ _2no5 
+ J- R, R, fo, + Tom z- R, 
2 
2 o 
fae as 
E- Ry 


COV() is thus quadratic in w(/) and is 
therefore consistent with Figure 1; the point 
at which it crosses the horizontal axis de- 
pends on the values of the parameters. 
From (12), using (5) we can calculate 


Soovw 
(13) -““= 
Su 
1 + E + Tom 207 (u(I) as 4) = Xr 
p= Hey 


It is easy to verify that (13) implies the 
same value for J as equation (9). Thus the 
optimal amount of investment in this model 
may be interpreted as the choice of a value- 
maximizing u-COV package, given market 
parameters. It is clear from (9) that an in- 
crease in Àm, Som, Ry, Ojo OT a, will decrease 
investment, while an increase in p will in- 
crease it. This model might be exploited for 
the explanation of investment decisions by 
explicitly bringing in the effects of risk. 


B. Proportional Expansion in an Industry 
We next consider the example given by 


Mossin of the effect on valuation of propor- 
tional expansion of a firm’s cash flows. 
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Again this will be interpreted as an optimal 
-COV choice by the firm. 

With initial expected value 4, expansion 
by 100794 is assumed to lead to a new ex- 
pected value p(y), where f 


(14) uly) = (l + ya 
As Mossin shows, the new covariance, 
COV (y), is equal to 
(15) (1+ y)COV + yl + yo? 
where COV is the covariance of the firm’s 
cash flows with the market before expan- 
sion, and g? is the variance of the firm’s 
own cash flows. It can be shown that the 
optimal y is given by 
_— Bh — Am(COV + o’) 
mo? 

Note that y* may be negative, indicating 
a decrease in the firm’s scale and that 

ay*/dXr < 0, 

dy*/du > 0, 


CG)  y* 


and 
ay*/d0? Z Oas COV 2 u/Am 


As above, the relation between u(y) and 
COV(y) is quadratic. Figure 3 indicates the 
general shape for two cases according to 
whether COV > o? and COV < a’, respec- 
tively. The frontier for the latter is derived 
by permitting y to increase from —1. It im- 
plies that a firm capable of “producing” a 
negative covariance will not do so for suf- 
ficiently low values of Xm. This may explain 
why negative covariance is rarely observed. 
Empirical work which examines the be- 
havior of firms in severe depressions, dur- 
ing which A is likely to be high, may reveal 
instances of negative covariance. 


C. Fixed and Variable Costs: 
Competitive Firm 


The next three models are similar to 
those presented by Horowitz (chs. 12 and 
13) who utilized the expected utility maxi- 
mization hypothesis as well as assumptions 
about the risk-aversion characteristics of 
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COV 
COV > o2 


JUNE 1976 


COV 
COV< o2 


FIGURE 3 


the decision maker. 

In this example we assume that the firm 
faces a random price which is not affected 
by its output, and can adjust its output 
when price is known. Capital stock (K), 
however, must be chosen before price is 
known. We assume a Cobb-Douglas pro- 
duction function in capital and labor (L), 
so that output (Q) is given by 


(17) Q = L*K'™* 

For a given capital stock (K,), the mini- 
mum labor required to produce Q is 

(18) £(Q;K,) = QM*KS-"" 


Total cost, assuming a wage rate of w and 
unit cost of capital of r, is given by 


(19) C(Q;K.) = wO'*KE"" + rK, 


Since the average variable cost equals zero 
for Q = 0 the firm will produce at any posi- 
tive price. Profits are given by 


(20) r = PQ — wK% eg" — 7K, 


and maximum profits for a given P are ob- 
tained for 


(21) Q = x (rye 


wW 
Maximum profits, given P, are 
(22) mw, = K (C PY- — r) 
a/(\—a) 
where C, = (1 — a) (2) 


‘Se 


The expected value of maximum profits’ 
is 


(23) E(w.) = K,[CiE(P""-®) — r] 
= KC 


and it is assumed that C, > 0. 

To determine the covariance of this firm’s 
profits with the market, we define W’ as the 
income produced by the economy other 
than this firm, and W as the total income.‘ 
That is, 


(24) W=W' +K, 
[C P0- _ +] 


Then the covariance between r and W is 


(25) 
COV(r, W) = Ela — E(r)\[W - E(W)| 
= E{{K,C,(P’ — E(P*)|[W' — E(W’) 
+ K,C,P* — E(P*)}} 
= K?CiVAR(P*) + K,C, COV(P, W’) 


5Note that we are assuming that for a given price 
the firm will maximize profits. This may be incon- 
sistent with the goal of maximizing value since profits 
also enter into covariance. This problem appears to 
require a control-theoretic approach, and will be the 
subject of future research. 

6We assume that W’ affects P, but that there is no 
effect on W’ from the firm’s choice of K. In effect, 
we are assuming that P= 6+ pW’+u, where W' 
and u are random variables which are mutually in- 
dependent and independent of K. 
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where ô = 1/U — a) 


We derive the relationship between E(r) 
and COV (r, W) by solving each for K and 
equating the two terms. In the quadratic 
expression for COV(x,W) we take the 
larger of the two roots, since for a given 
covariance, the larger root yields the larger 
expected value. Thus 
(26) K = [-COV(P®, W’) 

+ (COV? (P®, W’) 

+ 4COV(x, W)VAR(P*))'”] 

+ 2C, VAR(P’) 
Equating the above to K = E(m)C,, we ob- 
tain the following expression for the mean- 
covariance frontier: 
(27) E(x) = [-C,COV(P’, W') + C: 

(COV? (P®, W') 
+ 4COV(x, W) VAR(P*))'?] 


+ 2C, VAR(P*) 
It is easy to verify that l 
a COV (r, W) 8COV? (x, W) 


so that the -COV frontier has the correct 
slope and curvature. 

The optimal value for K is most readily 
obtained directly from the expression for 
the value of the firm: 


(28) RS = K,C2 — Am[K3Ci VAR(P’) 
+ K,C,COV(P®, W°) 
Letting dR,S/dK, = 0, we obtain 


6 , 
(29) K= C, — Sa ,W’) 
2rmC{TVAR(P*) 
Evidently, 0K,/d», < Oand 


aK, 
een SORE 
aCOV (P*, W’) 


Thus, as the market price of risk increases, 
the firm will operate with a smaller capital 
stock, that is, use more labor to produce the 
same output. This will-increase the amount 
of variable costs relative to fixed costs. The 
same effect arises from an increase in 
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VAR(P*) and COV(P’, W’), which seems 
reasonable: increases in riskiness or distaste 
for risk lead to an attempt to smooth profits 
by reducing fixed costs. 


D. Monopolist Firm I: 
Output as Decision Variable 


In this case, a monopolist firm chooses 
output before price is known. We again as- 
sume a Cobb-Douglas production function; 
in addition, price is given by 
(30) P = Q*y’, -1<B <0 
where the random variable Y denotes the 
measure of aggregate market performance 
employed in the CAPM, — 8 is the inverse 
of the firm’s demand elasticity, and y mea- 
sures the response of demand to Y. 

For a given value of output, Q, minimum 
costs are given by 


0) -—2-_(C=Ow\"5 -cp 
Gn c@ =, (C=2)'a- ca 
Then profits are given by 

(32) «= PQ-C(Q)= 0Y? - CQ 


The expected value of profits is needed 
for the valuation equation. It is given by 


(33)  E(r) = Q" EYY) - CE 
Moreover, 
(34) COV(x, Y) = COV(PQ,Y) 
= [O YYY — E(Y)) 
S(Y)dY 


= Q’*'COV(Y", Y) 


Accordingly, the firm’s value is given by 


V = 2 (OEY) 


l 
Ry 
— \,COV(Y", Y)) — CQ] | 
We choose Q* to maximize V as 

(36) Q* = C = (6 + DIE?) 

— AwCOV(Y", YJ) 


(35) 


Since the second derivative of V with re- 
spect to Q yields a negative value (on the 
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assumption that E(Y7) — »,,COV(Y’, Y) > 
0, a necessary condition for S to be posi- 
tive), the frontier must have the desired 
shape. 

If COV(Y’, Y) > 0, an increase in A,, will 
reduce Q. Although an increase in Àm re- 
duces V, the ability to adjust Q—and 
thereby E(x) and COV(r, Y)—results in 
a smaller decrease in value than that which 
would have occurred if Q had held at its 
initial value. This is the main distinction be- 
tween our “production economy” approach 
and the conventional analysis conducted 
within an exchange economy framework. 
Note that this approach links changes in 
underlying economic parameters to changes 
in output and investment decisions through 
the security market valuation process. 

Returning to equation (36), we see that 
the less elastic is demand, the smaller will be 
Q (if O* > 1) and the higher will be price. 
An increase in C (as a result of an increase 
in w or r) will decrease Q and the use of in- 
puts. The effect of y on Q is ambiguous. 
Specifically, @Q/dy 2.0 depending on 
whether 


3EY”) /aCOV(Y’,Y) >} 
ay ay a 


E. Monopolist Firm II: 
Price as Decision Variable 


In this case, we consider a firm which sets 
price and chooses its capital stock before 
the quantity demanded, a random vari- 
able, is known. In a somewhat different 
setting, Robert Meyer has considered a 
similar case where the monopolistic firm 
chooses the prices to be charged to various 
customers in order to maximize its equity 
value under the CAPM. In our example, 
when the quantity demanded becomes 
known, the firm hires sufficient labor to 
produce it. A public utility which sets price 
and is required to meet demand would be 
an example of the type of firm covered by 
this model. We assume the same production 
and demand functions as in the previous 
section. The main results are given in the 
equations for Pand K: 


JUNE 1978 


SN oo 
(G7) p = (2) TA i+8 C 


(38) K= pezan 





ra 


r 1/8 s 
if O EEES A C20 +10), C18 
( + Bp) - al i : 


where 


C, = E(¥-1#) — , COV (Y-Y, Y) 
C, = E(Y=18) — ,, COV (Y-"/8,Y) 


Because of the complex way in which the 
parameters (œ, 6, y, and moments of the 
distribution of Y) enter equations (37) and 
(38), it is difficult-to make clear-cut state- 
ments regarding their impacts on the vari- 
ables of interest. This is in contrast to the 
previous section in which inputs and out- 
puts were chosen before price became 
known. In that case, specific implications 
could be drawn. However, when K alone is 
chosen prior to receiving price information, 
even qualitative results depend on param- 
eter variables. It is possible to show that 
E(K/Q) varies inversely with both A„ and 
Cov(y-/8, Y) if the latter is positive. 


F. Diversification 


We conclude with a discussion of pro- 
portional expansion by considering a firm 
which operates in two industries, and which 
is contemplating expansion in both at rates 
y, and y,, respectively. As we shall see, the 
presence of negative covariance between the 
two industries provides incentive for diver- 
sification at the firm level. The new ex- 
pected value of the net cash flows are 


(39) w= (Ll + vider + (l + y2)m 


and the new covariance is 


COV’ = (I + 1) Tim + d + Y2) 02m 
+ yill + yon 
+ ¥21 + ¥2)o2 


+ (Yi + ¥2 + 2NY2) or 
where 
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k; = expected value of the cash 
flows in industry i 


Gim = covariance between industry 
i and the market 
oy = covariance between industry 


iandj 
Gj = 1, 2) 

The presence of ø, in the expression for 
COV’ is interesting. If the value-maximiz- 
ing rule indicates positive values for y; and 
%2, and if COV < 0, the covariance for 
simultaneous expansion in the two indus- 
tries will be lower than that for each taken 
separately on the assumption that an in- 
dividual firm takes the sizes of other firms 
as given (a Cournot-type assumption re- 
garding expansion decisions). This creates 
an externality in the sense that a firm op- 
erating in industry | confers a benefit on 
firms in industry 2 when it expands. The 
uncoordinated activities of the two firms 
are not likely to achieve the rate of expan- 
sion which maximizes the sum of the mar- 
ket value of the two firms. 

Moreover, within the framework of the 
CAPM, stockholders who recognize the 
negative covariance cannot induce the 
firms to achieve optimal size by affecting 
securities. prices.’ This is so in that model 
because equilibrium prices depend only 
upon the risk and return combination of- 
fered by the firm, and the firm would regard 
a departure from the equilibrium level as 
a temporary aberration, not as a signal to 
expand. To take advantage of the benefits 
from negative covariance as described here, 
it is necessary that a single firm control the 
two decisions. Of course, it may be pos- 
sible to conceive of arrangements in which 


7We are indebted to Warren-Boulton for helpful 
discussion on this point. 
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one firm bribes another to produce at a 
particular output, but this is difficult be- 
cause of antitrust laws. Another interesting 
feature of this example is that it may ex- 
plain the lack of examples of observed 
negative covariance. If firms diversify to 
take advantage of it, a considerable amount 
of negative covariance will be reflected 
within firms, and not show up when cor- 
relations between firms are examined. 
Finally, note that this type of diversifica- 
tion can reduce the amount of risk in the 
economy, and therefore has beneficial 
aspects. Of course, it may also have anti- 
competitive aspects. 

We may obtain the optimal values of y; 
by differentiating the expression for the 
value of the firm. The first-order condition 
for y, is 


és 
40) Reo = m, — Rater 
(40) Say, My [a 


+ (1 + 2¥1) on 
+ (1 + 2y2)e2] = 0 
which yields 
=i 
(41) ys HIZ] len 


Pa D -— od e, 2) E '} 
O11 on ` 
On On 


The sensitivity of the optimal y’s to the 
system parameters may be examined by 
total differentiation of the first-order con- 
ditions shown in equation (42). We can then 


derive the partial derivatives: shown on the 
next page. 


>» = 


where 
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The signs of the other derivatives are am- 
biguous: 
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ay 
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Whether or not the firm grows as a result 
of a parameter change may be determined 
by examining the partial derivative of p’ 
with respect to the particular parameter. A 
positive value indicates an increase in ex- 
pected value, hence, an increase in the scale 
of the firm. Consider the effect of a change 
in the market price of risk: 

, 
(43) SE =p, S g y, A 
orm 


Ciuk — Onki Gizi — Cii 
m (Se ) af ARCS 


(onni + anu? — 2umon) 


1 
2| lAn 
<0 
Thus, an increase in the market price of risk 
will always reduce the scale of the firm. 


JUNE 1978 


IV. Implications and Extensions 


In this paper we have attempted to link’ 
the capital asset pricing model, which has 
been extensively studied in the finance lit- 
terature, with the type of pricing, output, 
and investment models extensively studied 
in the economics literature. We considered 
a number of models in which a firm at- 
tempting to maximize its value as de- 
termined by the CAPM would be led to 
particular choices for those decision vari- 
ables. Our results demonstrate the inter- 
action of the firm’s operating environment 
and the risk-return preferences of the finan- 
cial market in the determination of the 
firm’s value-maximizing behavior. The. 
analysis produced solutions for optimal 
values of decision variables which depend 
on potentially measurable firm and finan- 
cial market characteristics. Therefore, there 
would seem to exist an opportunity to use 
this approach to generate empirically test- 
able hypotheses. 

In addition, it may be of interest to en- 
large the set of decision variables to include 
some parameters which were previously 
considered exogenous to the firm. As an 
example, value-maximizing behavior may 
dictate that a firm attempt to change its 
product’s price and income elasticities 
through advertising or quality changes. A 
firm may undertake an advertising policy 
designed to increase the degree to which 
consumers view its product to be a neces- 
sity. If successful, such a policy would, 
ceteris paribus, reduce the product’s income 
elasticity and bring about a decrease in the 
firm’s risk. Similarly, models of induced 
technological change might be utilized to 
investigate the best strategy to be pursued 
for improvement in technology for a value- 
maximizing firm. 

Finally, we have noted that our approach 
has the potential to link firm’s actions and 
changes in macro-economic activity. To the 
extent that the macro functioning of the 
economy affects risk preferences, there will 
be an impact on firms’ optimal micro- 
economic decisions. In turn, such induced 


Ay 
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changes in firms’ behavior have macro 
implications. 


REFERENCES 


R. Batra and A. Ullah, “Competitive Firm and 
the Theory of Input Demand Under 
Price Uncertainty,” J. Polit. Econ., May/ 
June 1974, 82, 537-48. 

S. Ekern and R. Wilson, “On the Theory of 
the Firm in an Economy with Incomplete 
Markets,” Bell J. Econ., Spring 1974, 5, 
171-80. 

E. Fama, “‘Perfect Competition and Optimal 
Production Decisions under Uncer- 
tainty,” Bell J. Econ., Autumn 1972, 3, 
509-30. 

R. Hamada, “Portfolio Analysis, Market 
Equilibrium and Corporation Finance,” 
J. Finance, Mar. 1968, 23, 13-31. 

Ira Horowitz, Decision Making and the 
Theory of the Firm, New York 1970. 

M. Jensen and J. Long, “Corporate Invest- 
ment under Uncertainty and Pareto Opti- 
mality in the Capital Markets,” Bell J. 
Econ., Spring 1972, 3, 151-74. 

H. Leland, “Theory of the Firm Facing Ran- 
dom Demand,” Amer. Econ. Rey., June 
1972, 62, 278-91. 

, ‘Production Theory and the Stock 

Market,” Bell J. Econ., Spring 1974, 5, 

125-44. 





GREENBERG ET AL.: RISK AND RETURN 251 


J. Lintner, “The Valuation of Risk Assets 
and the Selection of Risky Investments in 
Stock Portfolios and Capital Budgets,” 
Revy. Econ. Statist., Feb. 1965, 47, 13-37. 

W. Marshall, J. Yawitz, and E. Greenberg, “On 
the Comparative Statics of Asset Price 
Adjustments,” work. paper, Washington 
Univ. 1975. 

R. Merton and M. Subrahmanyam, “The Opti- 
mality of a Competitive Stock Market,” 
Bell J. Econ., Spring 1974, 5, 145-70. 

R. Meyer, “‘Risk-Efficient Monopoly Pricing 
for the Multiproduct Firm,” Quart. J. 
Econ., Aug. 1976, 90, 461-74. 

F. Modigliani and M. Miller, “The Cost of 
Capital, Corporation Finance, and the 
Theory of Investment,” Amer. Econ. 
Revy., June 1958, 48, 261-97. 

Jan Mossin, Theory of Financial Markets, 
Englewood Cliffs 1973. 

M. Rubinstein, “A Mean-Variance Synthesis 
of Corporate Financial Theory,” J. Fi- 
nance, Mar. 1973, 28, 167-82. 

A. Sandmo, “On the Theory of the Competi- 
tive Firm Under Price Uncertainty,” 
Amer. Econ. Rev., Mar. 1971, 61, 65-73. 

W. Sharpe, ‘“‘Capital Asset Prices: A Theory 
of Market Equilibrium Under Condi- 
tions of Risk,” J. Finance, Sept. 1964, 
19, 425-42. 

J. Stiglitz, “On the Optimality of the Stock 
Market Allocation of Investment,” 
Quart. J. Econ., Feb. 1972, 86, 25-60. 


Self-Financing of an R&D Project 


By MORTON I. KAMIEN AND NANCY L. SCHWARTZ* 


Among the characteristics commonly as- 
sociated with industrial research and de- 
velopment, one of the most prominent is 
the virtual necessity for it to be financed in- 
ternally from a firm’s current profits and 
accumulated funds. This feature of RaD 
underlies the view that a firm must possess 
some monopoly power, along with the as- 
sociated monopoly profits, for it to carry on 
R&D. Two reasons for this self-financing 
are frequently offered. First, external fi- 
nancing may be difficult to obtain without 
substantial related tangible collateral to be 
claimed by the lender if the project fails. An 
R&D project that fails generally leaves be- 
hind few tangible assets of value. Second, 
the firm might be reluctant to reveal de- 
tailed information about the project that 
would make it attractive to outside lenders, 
fearing its disclosure to potential rivals. 
These observations are supported by anec- 
dotal evidence and case studies document- 
ing the difficulties of obtaining adequate 
external financing for R&D and innovation. 
Nevertheless, regression tests generally lend 
scant support to the hypothesis that cor- 
porate financial liquidity is conducive to 
innovation (see F. M. Scherer, pp. 363-64, 
or the authors, 1975, pp. 24-26). 

Motivated by the conflicting empirical 
evidence on the role of financial liquidity in 
innovation, we seek further insight through 
a theoretical exploration of optimal RaD 
spending by an expected profit-maximizing 
firm that must finance its entire effort in- 
ternally.! As a result, a possible resolution 
of the apparent conflict between the case 


*Graduate School of Management, Northwestern 
University. The helpful suggestions of George Borts 
and a referee are gratefully acknowledged. 

l Although a firm may be able to obtain external 
financing for an R&D project if it has a good record in 
such ventures, we restrict attention here to situations 
of internal funding only. Analysis of a similar problem 
with external financing readily available was conducted 
by the authors (1972). 
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study and regression analyses is suggested. 
In particular, we show that an established 
firm earning profits on its current product 
can easily finance development of a new 
product that will, say, double expected 
profits. Thus for established firms doing 
“routine” R&D to strengthen product lines, 
the financial constraint should not be bind- 
ing and regression studies should find no 
relationship between liquidity and innova- 
tive activity. On the other hand, very large 
innovations or innovations of a new or 
marginal firm would be constrained by cash 
availability; it is such innovations that are 
the subject of anecdotes and case studies. 

We envision a firm contemplating new 
product development to replace its current 
product and enhance profits. Alternatively, 
it recognizes that its product might some- 
time be displaced by some rival product and 
hopes to resist this possible loss of profits 
by developing and marketing a new product 
of its own. The Industrial Research Insti- 
tute refers to such R&D projects as in ‘“‘sup- 
port of existing business” (see A. E. Brown). 
Thus the purpose of R&D may be either 
“offensive” or “defensive.” 

The firm. must determine whether new 
product development is worthwhile and, if 
so, an introduction date and spending plan 
(employing only internally generated funds) 
that will maximize its discounted expected 
profits. Since competing development plans 
are unknown and development of a new 
product already preempted by another is 
assumed worthless, profits can be known 
only probabilistically. 

We are able to characterize the optimal 
development plan by employing methods of 
optimal control theory. We examine the in- 
fluences on the optimal development plan 
of innovational rivalry, current profits, 
initial cash balances, profits associated with 
the new product, and the effort required to 
successfully develop the new product. Four 
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~ propositions describe some of the major 
conclusions, 

In the next section the details of the 
model are presented. This is followed by a 
description of the general solution. The 
development plan when the cash constraint 
is inactive and active, respectively, is de- 
scribed in the succeeding two sections. The 
results are reviewed in the final section. 


I. The Model 
A. Glossary 


Nonnegative parameters: 
r = current profit rate 
P = gross capitalized value of innova- 
tion 
r = discount rate = earnings rate on 
cash balances 
h = intensity of innovational rivalry; 
conditional probability density of 
rival entry at any t 
a = degree of diminishing returns to 
faster R&D spending 
A = effective development effort re- 
quired for innovation 
Ry = initial cash balance 
Decision variables: 
y(t) = R&D spending rate at t 
z(t) = cumulative effective R&D effort 
byt 
R(t) = cash balance at t 
T = planned new product introduc- 
tion date 
Multipliers in solution: 
à = implicit marginal cost of effective 
R&D effort 
k = implicit marginal cost of self- 
financing constraint 


Ul 


ll 


B 


The firm earns profits at the constant 
rater > 0 per unit time from the sales of 
its current product. These profits continue 
until the product is displaced by the firm’s 
new product or by appearance of a rival 
substitute product. The class of potential 
rivals is large and diffuse, possibly includ- 
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ing some firms that are currently in the 
same line of business, firms in other busi- 
nesses, and newcomers. The firm knows 
neither the composition of this group of po- 
tential rivals, nor precisely when a rival 
product will be introduced, nor by whom. 
Its beliefs regarding the introduction date 
of a rival product are summarized by a 
probability distribution F(t), where F(t) is 
the probability that a rival product will ap- 
pear by time t. In particular we assume the 
exponential form F(t) = 1 — e™*. The con- 
ditional probability of rival product intro- 
duction at any time t, given that it has not 
yet appeared, is F'/(1 — F) = h, a constant, 
and the expected introduction date of the 
rival product is |/h. Thus the parameter h, 
often called the hazard rate, reflects the in- 
tensity of innovational rivalry perceived by 
the firm in the sense that a higher value of A 
is associated with the expectation of more 
imminent introduction of a rival product. 

If new product development is not un- 
dertaken, the firm receives profits on its cur- 
rent product until a new rival product ap- 
pears. Then the expected present value of 
profits from the firm’s existing product 
would be 


(1) $ e-"r(1 — F(t)) dt 


f eaa 
0 


where r > 0 denotes the earnings rate on 
cash balances. The profit stream available 
from product innovation is assumed to 
have value P when discounted to the mo- 
ment of introduction. The capital value P 
may occur in a variety of ways. For in- 
stance, a profit stream p(t) may be antici- 
pated and so 


mjr + h) 


P -f e~t-Dp(t)dt 
T 


where T is the moment of introduction of 
the new good. Specifically, the firm might 
expect to receive a constant flow P, for the 
life Ł of a patent and nothing thereafter; in 
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this case 
T+L 
P = f e~t-T) Po dt 
ts 


Or the firm might receive P, while it is the 
sole producer of the new good and P, once 
rivals have appeared; then 


-f eet A 
P f eA-DLPA(I — F(t)) 
+ P(F() — FOT) dil — FCT) 


This expectation reflects the rewards avail- 
able and the probabilities with which they 
will be collected (P, is received at t if no 
rival has entered by t; P, is collected at t if a 
rival has appeared after T but before t). It 
is not necessary to specify the form or dura- 
tion of the profit stream from the innova- 
tion; its expected capital equivalent P upon 
innovation is sufficient. Since 1 — F(T) is 
the probability rival preemption has not oc- 
curred by time T, the expected reward at T 
is P(1 — F(T)) = eP. 

For new product development to be at- 
tractive, the reward from innovating must 
exceed the expected profit from failing to do 
so. We assume therefore that 


(2) P>a«f(r +h) 


Notice that this is affected by the intensity 
of innovational rivalry. A project that 
might not be considered at all in the absence 
of rivalry (P < r/r) may nonetheless be 
considered or even undertaken as a defen- 
sive measure if rival entry is thought likely. 
Development of the new product re- 
quires accumulation of effective develop- 
ment effort, achieved by efficacious expen- 
diture of money through time. While no 
R&D project is truly certain in detail, no 
substantive technical uncertainty is as- 
sumed in this problem. We assume that the 
approximate amount of effort required can 
be estimated reasonably closely. This as- 
sumption is appropriate for a wide class of 
product development projects (and helps 
keep the analysis tractable without serious 
loss of generality).? Letting z(t) denote the 


2See the authors (1974) for a theoretical study of a 
case of important technical uncertainty in R&D. 


2 
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effective development effort accumulated by” 
time t and y(t) be the spending rate at t, we 
assume that : 


(3) z(t) = y(t), 2(0) = 0, 
z(T) = A where0 < a < 1 


Effective effort is initially zero, accumulates 
as a concave monotone function of de- 
velopment spending (reflecting diminishing 
returns to faster spending found in empiri- 
cal studies of Scherer and Edwin Mansfield 
et al.), and must achieve a known level A 
for successful development by any time T. 

Let R(t) denote the firm’s cash balance at 
time t. It is augmented by interest earnings 
at rate r on the principal R and from profit 
x on the current product; it is diminished by 
expenditures p(t) on R&D. Hence the chang- 
ing state of R is described by the differ- 
ential equation 


(4) R(t) = rR(t) +  — y(t) 
R(0) = Ry > 0 


Combining assumptions about rewards* 
from the current and new products, the de- 
velopment function, and cash balances, we 
can state the firm’s expected profit-maxi- 
mization problem. A planned introduction 
date T* > 0 and development expenditure 
plan y*¥(t) > 0,0 < t < T* are to be 
chosen to 


(5) Max S ern 


0 
(m — y(t) — F(t))dt + eT PUL — F(T)) 
= T en Ct (a eo y(t))dt + e~+A)T pP 
0 


subject to (3), (4), and 
(6) Rt) 20,0<t<T 


The objective functional (5) involves the 
firm’s profit from its existing product and 
expenditures on new product development 
so long as no new rival product has ap- 
peared, as well as the reward from the new 
product provided no rival product appears 
before T. If a rival product does appear, the 
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\. firm receives and spends nothing thereafter 


\ 


~~ 


Although nonnegative cash balances are re- 
quired at all times, it suffices to require only 


(7) R(T) 2 0 


The proof rests on a result to be developed 
later in Proposition 1 that the solution to 
(3)-(5), and (7) involves y'(t) > 0.4 A solu- 
tion in which T* — indicates that new 
product development is not worthwhile. 


II. The General Solution 


To solve the problem posed in (3)-(5) 
and (7), we associate multipliers A and y 
with constraints (3) and (4), respectively, 
and form the Hamiltonian 
H = eM ee y) 

+ dy? + yV7R +r — y) 
An optimal solution in which T* < © must 
satisfy (3), (4), (7), and (8)-(12): 


(8) dH/ay = -e wm 

+ ady*!—y = 0 
(9) X = ~dH/dz = 0 
so that A is constant 
(10) y' = -dH/OR = -ry 
sothat y(t) = ke" 
where 
(11) k > 0, kKR(T) = 0 
(12) A(T) = (r + Ae P 


3We have assumed that rival preemption renders 
both the firm’s current product and its R&D project 
worthless. If this assumption were to be relaxed, then 
the firm must be permitted to reevaluate its options 
upon rival preemption, considering whether to aban- 
don its R&D project or to continue it, and if to con- 
tinue, then at what rate. Such possibilities have been 
considered by the authors (1976b) without a cash con- 
straint. 

4LEMMA: If y(t) is a continuous function with 
y'(t) > Ofor 0 < t < T, then (4) and (7) imply 


(a) R(t)> 0, O<t<T 


PROOF: 

Suppose R fell to zero before T. Then since r is 
constant and y is increasing, the right-hand side of (4) 
would be decreasing so R would fall further, becoming 
negative. Then R could not increase thereafter, vio- 
lating (7). Hence (7) can be satisfied only if (a) holds. 
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Conditions (11) follow from the required 
nonnegativity of R(T); see Kenneth Arrow 
and Mordecai Kurz. Expression (12) is the 
transversality condition. Since (3)-(5) is 
concave in y and R, these necessary con- 
ditions are also sufficient for optimality. 

The solution to the necessary conditions 
can be summarized in the following four 
equations. Substituting from (10) into (8) 
gives 


(13) y(t) = faret (1 + kety 0-9 


Substituting from (10), (11), and (13) into 
(12) gives 

(14) 

(1 + ker + p(T) —- a)/a) = (r + AYP 


In addition (3), (4) and (7) must be satisfied: 


T 
f y(thdt = A 
0 


(15) 


(16) k[Ry + (l= e*)a/r 


T 
= T ev" y(t)dt] = 0 


0 


where (11) has been employed in deriving 
(16). With y(t) specified in (13), the three 
equations (14)-(16) jointly determine the 
three nonnegative constants T, A, and k. 
Nonnegativity of À is implied by (13). 

Before pursuing detailed analysis of the 
solution, we can immediately obtain a quali- 
tative property of the optimal spending 
path from (13). 


PROPOSITION 1: Jf development is op- 
timally undertaken, the optimal R&D expen- 
diture plan y*(t) satisfies 

(17) r/1 - a) < YO/VO 


< (r + h)/U - a), 0O<t<T 


PROOF: 

Logarithmic differentiation of (13) yields 
(18) (l-ay'/y =r +h —- khe*/ 

(1 + ke") = (r + h + rke™)/(1 + ke") 
from which (17) easily follows. 


Proposition 1 has important conse- 
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y(t) 


RG) 


FIGURE | 


quences. First, the proportionate spending 
rate for any project undertaken is positive, 
exceeding the discount rate. The more 
sharply diminishing returns in R&D, the 
smaller is a, and the closer the lower bound 
on y’/y is to r. For an intermediate case of 
a = 1/2, y'/y is no less than twice the dis- 
count rate. Second, the cash balance will 
never be zero before project completion.’ In 
particular, a solution in which R&D spend- 
ing just equals profits cannot be optimal for 
any interval of time. 

Figure 1 illustrates a case in which initial 
cash is zero and the cash constraint is tight. 
If the cash constraint is binding, the cash 
balance will be single peaked,® either de- 
creasing throughout or else building up 
early in the development period while ex- 
penditures are low, peaking a bit after 
spending matches current profits (since R’ = 
rR > 0 when y = r), and then decreasing 
(concave) to zero. 

Third, it is of some interest to note when 
y'/y achieves its lower limit. It is clear from 
(18) that if there is no innovational rivalry, 
(h = 0), then y'/y = r/(1 — a). This is true 
regardless of whether the cash constraint is 
active or inactive. Thus if the cash con- 
straint is binding, then its effect must be to 


5Since y’ > 0 throughout the development period, 
from Proposition 1, it follows from the Lemma of fn. 
4that R(t) > OforO0<t< T. 

6Since R” = rR' — y', we have R” = —y' < 0 when- 
ever R’ = 0. Note also that R” < 0 whenever R' < 0, 
so R is concave when decreasing. 
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‘FIGURE 2 


reduce the absolute spending rate to main- 
tain feasibility, thereby extending the de- 
velopment period. However, the general 
shape is one of spending rising exponentially 
at rate r/(1 — a) whether or not the cash 
constraint is active when A = 0. 

Figure 2 illustrates the effect of the cash 
constraint; y, is the optimal spending pro- 
gram if financing is not binding while y, 
suggests the optimal spending program for 
the same project if financing must be taken 
into account. Both paths rise at the same 
exponential rate, but the constrained path is 
lower (for comparable times) and of greater 
duration. 

Fourth, note from (18) that if innova- 
tional rivals cannot be ignored (A > 0), then 
the proportionate growth rate of spending 
(as well as its absolute level) is affected by 
the financing requirement. If the constraint 
is inactive (so k = 0), then, from (18), the 
spending growth rate achieves its upper 
limit: y’/y = (r + h)/(1 — a). When the 
constraint is binding, the proportionate 
spending growth rate decreases with increas- 
ing severity of the constraint (measured by 
k). An active cash constraint reduces the 
level and (if h > 0) the proportionate growth 
rate of spending at comparable times and 
must lengthen the development period, rela- 
tive to the optimal plan without liquidity 
problems. Fifth, in case k = 0 the propor- 
tionate spending growth rate depends only 
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on r, h, and a and is independent of the 
merit P of the new project or the difficulty 4 
of achieving it. 


HI. Cash Constraint Inactive 
We consider in detail the case that there 


is no binding liquidity constraint. Then 
k = 0, and (13)-(16) may be solved’ to give 


_ the optimal expenditure plan _ 


(19) y*(t) = eC +AU -a) 


[n + MADA - b) Ot < T 
where 
(20) n= a(l - a) 
(21) 

b= 1-n'-(r + A)A/(r + h)P — x}? 


and development period 


(22) T* = —(in b)/n(r + h) 
provided that 
(23) b<l 


If (23) does not hold, the project should not 
be undertaken. 

It is evident that the development period 
(22) is prolonged as either required effort A 
or current profits x increase and is shortened 
as the innovational reward P rises. So long 
as the cash constraint is inactive, the sole 
impact of current profits is on the attractive- 
ness of the innovation. The larger current 


profits, the smaller the net gain from inno- - 


vation (for fixed gross innovational re- 
ward P). 
The impact of rivalry A and the discount 


. rate r on the development period is am- 


biguous. One may compute from (22) 


*/ah = 6T*/ar =- ——l-_~—- 
(24) ae aT* /ar saa ip 
in i U — b) (l — a)P — r /(r + »] 
b P- rjr +h) 


7For instance, put k = 0 in (13), substitute the re- 
sult into (15), and integrate to find expression for À. 
One then can eliminate X from y(T), put the result 
into (14), and solve for T, (22). With T known, one 
can find A and thence y. 
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From (23), it is clear that (24) will be nega- 
tive for relatively modest projects, certainly 
for P < «/(1 — a)(r + A). Thus if, roughly, 
the new project will not more than double 
profits (a = $), then the firm will hasten its 
development in response to an increase in 
perceived rivalry or in the discount rate. On 
the other hand, the authors (1976a) have 
shown that in the special case of m = 0, the 
development period will either be lengthened 
with increased rivalry (moderately attrac- 
tive project) or else U-shaped, decreasing 
with rivalry up to a point and then increas- 
ing with further increment in rivalry (better 
project). 

In finding (19)-(23), we assumed the cash 
constraint would not be tight. This assump- 
tion is valid provided that 


(25) Ro 
> [+ AP — wb) beah + ar) 
Ta [1 = brit+h)a/r 


as may be verified by substituting from (19) 
into (4) and integrating, recalling that 
R(T*) > O assures R(t) > 0,0 < t < T*.A 
more intuitive, albeit less comprehensive, 
condition for the cash constraint to be in- 
active will be given shortly. 

We now show when undertaking new 
product development is optimal (without a 
liquidity problem), and calculate its net ex- 
pected profit improvement in that case. 


PROPOSITION 2: Suppose (25) holds; then 
the R&D project is optimally undertaken if 
and only if (23) holds. Further, if (23) and 
(25) hold, the net expected gain from the in- 
novation is 

(26) bP — r/r +h) >0 
PROOF: 

Condition (23) is clearly necessary for T* 
in (22) to be positive and finite. To show 
that it is sufficient, we show that given.(23), 
the maximized value in (5) exceeds (1). Thus 
it must be shown that 


(27) f 4 ett (a — y*(t))dt 


+e" P — r/r +h) > 0 
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where y*(t), T are given by (19) and (22). 
But evaluating the left-hand side of (27) re- 
veals it equal to the left-hand side of (26), 
establishing the sufficiency of (23)-(24) for 
undertaking the R&D. Further, since the 
left-hand side of (27) is the net expected 
profit improvement from the innovation, 
the remainder of the proposition follows. 

From Proposition 2, when Rọ is large 
enough, an R&D project is both more 
apt to be undertaken (equation (23)) and 
will yield a higher net expected gain (equa- 
tion (26)) when the reward P is high and the 
current profits r and required effort A are 
low. Another consequence of Proposition 2 
is that product development may be under- 
taken either in pursuit of improved profits 
or as a defensive measure against possible 
losses due to rival entry. Without potential 
rivalry, a new product will be developed 
only if it is expected to yield greater profits 
than the current one (P > r/r). However, a 
project that would be rejected if there were 
no fear of rival entry (p < r/r, h = 0) may 
nevertheless be undertaken if the possibility 
of such rival preemption were recognized 
(h > C) and (23) holds. Intuitively, the ex- 
planation is that the possibility of rival pre- 
emption reduces the expected value of the 
current product since the expected duration 
of receipts falls. This enhances the relative 
value of the new project so it may be under- 
taken in support of the current line of 
business as a defensive measure. 

The cash constraint will be inactive for a 
remarxably broad range of projects, as 
shown in the next result. 


PROPOSITION 3: If 
(28) P < rfa(r +h) 


then product development can be optimally 
financed without impedence by the cash con- 
straint. 


PROOF: 

From Proposition 1, the optimal spend- 
ing rate rises over the development period. 
Therefore if y*(T*) < x, then surely y*(t) < 
x for allO < t < T*, so spending according 
to (19} is always covered by current receipts. 
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But, from (19) and (22), y*(T*) = n[(r + h) ~ 
P — x] < v provided (28) holds, establish- 
ing the proposition. 


Proposition 3 indicates, first, that for cer- 
tain innovations, new product development 
can proceed without impedence by cash re- 
quirements regardless of the effective effort 
A required or the initial cash balance Rp. If 
(28) holds and development is worthwhile, 
then the optimal development schedule is 
sufficiently leisurely to keep the cash con- 
straint inactive. In other words, because the 
reward from the new product is modest 
relative to that of the current product, its 
development is so prolonged that its diffi- 
culty is unimportant. Of course, if the dif- 
ficulty A is too large, then the project is re- 
jected. 

Second, condition (28) indicates that a 
firm earning high profits from its current 
product or facing little innovational rivairy 
(A small) is better able to finance new 
product development from current profits 
than one earning low profits or facing in- 
tense rivalry. However, a newcomer (not 
producing the current product and for 
whom, therefore, = 0) nevertheless may 
develop a superior product more rapidly 
than the incumbent. A newcomer facing the 
same parameters will choose to develop 
more rapidly because his potential net in- 
novational reward P exceeds the incum- 
bent’s P — w/(r + h). However, a new- 
comer needs a substantial ‘initial cash 
balance in order for development not to be 
impeded by a cash constraint. The required 
initial cash can be determined by setting | 
aw = 0 in (25). An entrant with ample cash 
will develop faster than an otherwise identi- 
cal firm already in the market. However, if 
limited by cash availability, the would-be 
entrant’s speed of development may or may 
not exceed the incumbent’s. The cash re- 
quired increases with P; a larger reward en- 
courages faster, costlier development. It in- 
creases with A for A small, as increased 
development effort requires more cash. 
However, for large A, this effect is more 
than offset by the impact of lessened profit- 
ability in reducing the development pace; 
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~ cash required then decreases with A. 

While the substantial initial cash balance 
required of the newcomer may pose a bar- 
rier to the individual innovator, it need not 
hamper entry of a firm currently in another 
line of business. This may help explain why 
the innovator of a superior product in a 
particular line of business is often a firm 
formerly in another line. It also emphasizes 
the point made earlier that firms currently 
ina market may not be the only potential 
innovators of a new product. 

Third, since in many instances the ex- 
pected rewards from the new product will 
not be more than say twice as high as the 
expected profits from the current product, 
the solution with the cash constraint inactive 
should have considerable applicability, 
Moreover, the cash constraint can always 
be rendered inactive by a sufficiently large 
initial cash balance. Of course (28) is only a 
sufficient condition that cash not be a con- 
straint; (25) can be satisfied for a far broader 
range of parameter configurations. 


IV. Cash Constraint Active 


In case there is no innovational rivalry 
(h = 0) and the cash constraint is binding, 
the optimal development period T* can be 
shown? to satisfy 


(29) Ryo t+ (1 - ev")a/r 
z A’*(nr/(e""™ — 1) =0 


It follows from (29) that the development 
period varies directly with A but inversely 
with Ry and v. Surprisingly, it is indepen- 
` dent of P. The dominant role of m is its 
effect on cash availability, the same as an 
increase in Ry. This is the opposite of m’s 
impact when cash was not scarce; then an 
increase in m served to reduce reward for 
innovation. 

Next we state a counterpart to Proposi- 
tion 2. 


8Substitute (13) into (15) with A = 0 to find expres- 
sion for aħ/(1 + k). Use this in (13) and substitute 
into (16), noting that the coefficient of k in (16) must 
equal zero since cash is tight. 
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PROPOSITION 4: Ifh = 0, then a necessary 
and sufficient condition for the firm to un- 
dertake new product development is 


(30) P — rfr > (n) AY 


For the proof, see the Appendix. | 

In the absence of innovational rivalry, a 
lack of financing (small Ry) may retard de- 
velopment, but, according to Proposition 4, 
the condition (30) governing whether the 
project is sufficiently attractive to be under- 
taken is independent of the financial re- 
sources available. In other words, without 
innovational rivalry, product improvements 
will never be bypassed solely because of 
limited cash. The gross profit improvement 
must be large relative to required effort 
only. 

If the cash constraint is active and there 
is innovational rivalry, then explicit ex- 
pression for the three constants T, k, and À 
on which y* depends is not available.? How- 
ever, implicit differentiation of the equa- 
tions (14)-(16) determining them indicates 
that, at least for A small, the optimal de- 
velopment period T will be prolonged as the 
required development effort increases but 
shortened as either the initial cash Ry or 
profits from the current product r increase. 
In addition, if h = 0, then a larger reward P 
hastens development. 

Thus it appears that an increase in the ex- 
pected benefit from innovation P generally 
hastens development, although there is one 
interesting exception. If the cash constraint 
is tight and there is no innovational rivalry, 
then P does not affect the pace of develop- 
ment; good and excellent projects may pro- 
ceed equally rapidly just governed by cash 
availabilities and required effort. Results of 
our parametric analysis are summarized in 
Table 1. 


V. Summary 


We have analyzed the problem of a firm 


The difficulty begins with finding neat closed ex- 
pressions for integrals of the form 


T 
f [et +t 1(4 + ket)” dt 


0 
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TABLE 1 











Impact on Develop- 
ment Period T* if 
Cash Constraint is: 





Not 
Parameter Binding Binding 
Ro = initial cash balance - 0 
x = current profit rate = + 
P = value of innovation = = 
A = required innovational + + 
effort 
h = intensity of rivalry + + 





"Except Oif h = 0 


contemplating new product development. 
It may anticipate higher profit from an im- 
proved product or fear loss of profits were 
its current product to be displaced by a 
superior rival product. If, however, a rival 
product is introduced prior to the firm’s 
own new product, the defense will be un- 
successful and the firm will also lose the re- 
sources devoted to development. 

We sought an R&D program to maximize 
the present expected value of profits, as- 
suming that the firm must finance develop- 
ment entirely from its cash reserves and in- 
ternally generated profits. A number of 
interesting findings emerge. First, a cash 
constraint will not impede development 
at all for a large class of R&D projects by 
established firms, namely those that no 
more than, say, double the expected gross 
profits. For such R&D projects, develop- 
ment can be readily financed from current 
profits and the cash constraint has no effect. 
Second, even when the cash constraint is 
binding, it is never optimal for R&D spend- 
ing to just match cash receipts for more 
than a moment; the cash balance will be 
single-peaked, becoming zero only upon 
project completion. Third, in case of no in- 
novational rivalry, the criterion for a project 
to be worthwhile is independent of the fi- 
nancial requirements of the project and of 
the financial resources of the firm. No 
project would be bypassed because of 
financial limitations. The only possible ef- 
fect of the cash constraint in this case is to 
reduce the development pace and prolong 
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the development period. If there may be in-* 
novational rivals, an active cash constraint 
will not only reduce the development pace 
and prolong the development period of ac- 
cepted projects, but could also reduce the 
acceptability of potential R&D projects. 
Finally, development was shown to be 
hastened by a large gross reward and a 
small required effort, as was expected. In 
addition, profit from the current product 
plays two roles; it contributes toward the 
available cash to finance new product de- 
velopment, but also reduces the attractive- 
ness of introducing a new product that re- 
places it. The net impact depends on whether 
the cash constraint is active. So long as 
financing is not an active constraint, larger 
current profits retard new product develop- 
ment through their effect on reducing the 
net gain from innovation. In contrast, if the 
cash constraint is active, then the role of 
current profits in providing cash dominates 
and incremental current profits hasten new 
product development. 


APPENDIX 


PROOF of Proposition 4: 
If (25) holds with A = 0, the conclusion 
follows immediately from Proposition 2. 
Now suppose A = 0 and (25) fails. This 
means (after some manipulation) that 


(Al) 
(Ry + T/r)/P < bil — b(L — x/rP)| 


where b is given by (21) with A = O there. 
Note for future reference that (30) is equiva- 
lent to 


(A2) b<1 (k=0) 
For the project to be worthwhile, it must 


yield expected rewards that exceed profits 
available in its absence, i.e., 


T* 
(A3) J e(r — yjdt + e ™P > r/r 
vo 


where T* satisfies (29). We now want to find 
a condition equivalent to (A3) that can be 
shown to hold (given (A1)) if and only if 
(30) does, thereby establishing the proposi-« 
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FIGURE 3 


tion. Since the cash constraint is tight, 


(A4) f e(r — y)dt = -Ro 


-80 (A3) can be written as ~Ry + e~™P > 
x jr, or equivalently, 


(A5) P/(x/r + Ry) > e™ 


Denote the left-hand side of (29) as f(T). 
Then f(T) > 0, lim-o f(T) < 0, and 
limy-... f(T) > 0. 

Define T* by 
(A6) eT = Pf(a/r + Ro) 


Now T° > T* if and only if P/(r/r + Ro) = 
el > eT it is clear from this and Figure 3 
that (A5) holds if and only if (T°) > 0. Re- 
‘calling definition (A6), it can be shown after 
some manipulation that f(T°) > 0 if and 
only if 


(A7) 
1 — (1 — b> (Ry + 4 /r)/PY" 


We have now shown that (A3) and (A7) are 
equivalent (given (A1)). It must be shown 
that (given (A1)), (A7) implies (30) and (30) 
implies (A7) to complete the proof. But if 
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(A7) holds, then (A2) does and hence so 
does (30). We show that (30) implies (A7) 
by the following: 


(A8) ((Ro + a/r)/PY" 
< b[1 — b(L — r/rP)}" 
<b<1-(1— b)" 


The first inequality follows from (A1); the 
second follows since the square-bracketed 
term is less than one, by (30); and the third 
is true since 


[I — (1 = byt] — b 
= (1 - [l — (1 - by] > 0 
Hence (A7) follows, completing the proof. 
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Bargaining Theory, Wage Outcomes, and the 
Occurrence of Strikes: An Econometric Analysis 


By HENRY S. FARBER* 


The purpose of this study is to explore 
and test with micro-economic data a simple 
model of trade union wage determination 
that is explicitly derived from a naive, but 
instructive, model of collective bargaining. 
Although the importance of trade union 
wage behavior is often recognized in studies 
of aggregate wage inflation, it is well known 
that not much progress has been made in 
assimilating micro-economic analyses of 
bargaining into such models.! The incor- 
poration of explicit bargaining structures 
should lead to a better understanding of 
how wage changes and strike frequencies in 
the union sector are influenced by changes 
in the economic environment, as well as a 
better understanding of the behavioral 
processes of collective negotiations. 

Section I of this paper contains the de- 
velopment of the model to be tested, while 
Section IJ provides an interpretation of the 
model and spells out the testing framework. 
Section III contains a description of the 
sample, while Section IV contains the em- 
pirical results and ar: example of their use in 
analyzing a particular bargaining situation. 
Section V provides a summary of the re- 
sults end some conclusions drawn from the 
analysis. 


J. The Model 


The model of wage determination used 
here follows the model developed by Orley 
Ashenfelter and George Johnson to analyze 
strike activity. The basic assumption of this 


*Assistant professor of economics, Massachusetts 
Institute of Technology. I wish to thank Orley Ashen- 
felter for helpful discussions throughout the prepara- 
tion of this study, and the referee for useful comments, 
Financial support for this research was provided from 
a grant to the Princeton University department of eco- 
nomics from the Sloan Foundation. 

l See George de Menil for an example of an attempt 
at such a synthesis. 
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model is that the firm attempts to maximize 
its present value while faced with a tradeoff 
between the size of the wage increase de- 
manded and the length of the strike in- 
curred. The shape of this tradeoff is deter- 
mined by a “concession schedule” which 
denotes the minimum wage increase ac- 
ceptable to the union rank and file after a 
strike of a given length. This schedule has 
a negative slope, reflecting the rate at which 
the rank and file reduce their expectations 
of a wage increase in response to hardships 
imposed on them by a strike and to “new” 
information learned from a strike about the 
degree of employer resistance to union wage 
demands.” In simple terms, they become 
willing to settle for less as the strike pro- 
gresses. The role of the union leadership is 
to convey to the management the shape of 
the concession schedule as well as to pro- 
vide information to the rank and file regard- 
ing feasible wage demands. The concession 
schedule can be written as 


(1) Y, = g(s) 
(2) dY,/ds = g'(s) < 0 


where Y, is the minimum acceptable pro- 
portionate wage increase after a strike of 
length s. This function is shown as the con- 
vex curve in Figure 1. 

Although not necessarily convex, it is 
convenient to assume that the concession 


2It is important to mention that this concession 
schedule is not based on any hypothesis of maximizing 
behavior on the part of the rank and file. Therefore, 
the concession schedule may not reflect economically 
rational choices of wage increase and strikes by the 
workers. While any discussion of gains or losses to 
the workers from strikes must necessarily be imprecise, 
it is probably true that strikers rarely are net monetary 
gainers from work stoppages and, hence, they are not 
acting rationally when they strike. 

3See Arthur Ross, pp. 1-74, and Ashenfelter and 
Johnson, pp. 36-37, for more detailed discussions of 
this concept of internal union behavior. 





VOL. 68 NO. 3 





P 


N 


FIGURE 1} 


schedule has this property. This assumption 
seems reasonable despite the well-known 
diagram of John Hicks, p. 143, of a similar 
relationship which has a concave section. 
The notion of convexity is based on the idea 
that there is some irreducible minimum 
wage increase, perhaps negative, that the 
union will be willing to strike for indefinitely 
and that reflects the best alternative wage 
available with certainty to union members. 

Since the present value of the firm is 
simply the discounted value of its profit 
stream, maximizing present value implies 
that the firm chooses the optimal tradeoff 
between foregone profits during a strike and 
increased labor costs after a strike. The 
present value of the firm (v) can be written, 
ceteris paribus, as 


(3) v= SY; 8) 


where Y, is the wage increase granted and 
both 6v/dY, and dv/és are negative. The 
tradeoff can be illustrated by totally dif- 
ferentiating (3) to get 


(4) dy = 2 


av 
= tO Y — 
3Y, dY, + FF ds 
and then setting dv = 0 to find 
dY, ðv / av 


Tea ar gO 


ds ôs/ êY, 


which is an expression for the slope of the 


(5) 
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firm’s iso-value curves. A family of these 
curves are drawn in Figure |. Clearly, v; > 
v > ¥3 > v4. The firm’s goal is to reach the 
iso-value curve corresponding to the highest 
discounted present value or, in other words, 
to get as close to the origin in Figure 1 as 
possible. However, the firm is constrained 
by the union’s concession schedule (1). 

The optimum decision for the firm is to 
settle at the point of tangency between the 
union concession schedule and an iso-value 
curve. The solution results in a propor- 
tionate wage increase of Y, and a strike of 
length Sọ. It is possible that the iso-value 
curves are everywhere steeper than the con- 
cession schedule. In this case the firm’s 
optimal decision is to settle without a strike 
and grant a proportionate wage increase of 
Yo- 
The final settlement in this model is not 
Pareto optimal, as is clearly illustrated in 
Figure 1. The final settlement occurs at Y,, 
but a strike of length sọ takes place resulting 
in both lost income to the members of the 
union and a reduction in the present value 
of the firm. If the firm could have settled for 
any wage increase up to Y, without a strike, 
it would have been on a higher iso-value 
curve. The union members would also have 
won at least the same wage increase with no 
lost income, The intransigence of the union 
membership, as opposed to the leadership, 
is the source of this result.’ 

Parameterizations of the union conces- 
sion schedule and the firm’s present value 
function that have been suggested are 


(1’) Ya = Yg + (Yo - Yx)e™ 


4The implication of a good deal of the bargaining 
literature is that the occurrence of a strike generally in- 
dicates either that one (or both) of the parties was “ir- 
rational” or that a failure of communication occurred, 
No attempt is made in this literature to analyze either 
the causes or consequences of disputes, and the ques- 
tion of wage determination is considered separately. 
Hicks, pp. 144-47, Frederik Zeuthen, pp. 104-21, and 
Robert Bishop take this position. The unique feature 
of the model developed here is that wage outcomes 
and the occurrence of strikes are codetermined through 
a mechanism combining optimizing behavior on the 
part of the firm with political behavior by the members 
of the union. 
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B) v= F [PQ — LW(1 + Y,)Je-"dt 


— f He-"dt 
0 


H 
r 


Integration of (3’) yields 
(6) v = [PQ - LW( + Y) a 


In (1°) Y* = g(œ%), Yo = g(0), and a repre- 

sents the rate of decay of the union’s wage 

demands. In (6) PQ is total revenue, L is 

labor input in man-hours, W is the previous 

wage rate, H is fixed costs, and r is the rate 

at which the firm discounts future earnings. 
Solving (6) for Y, yields 


(7) Ve Gee OPED acs 4 





€E IW LW 
The optimal solution for the firm is where 
dYa _ dY, 
(8) ds ds 


Equating the derivatives with respect to s of 
(1’) and (7) and solving for Y, = Y, = Y, 
yields 


pay ee Se r jl 
D Y a ROR oer Sı l 


where S, = WL/PQ or labors share of 
total sales prior to the latest negotiations. 

Equation (9) is valid only for those ne- 
gotiations where a strike occurs. Where 
there is no strike, a corner solution occurs 
and Y, = Yo, rather than the relationship 
defined in (9). The fact that the concession 
schedule is negatively sloped and every- 
where flatter than the iso-value curves im- 
plies that 


(10) 


_y a r l 
eie Yet G(s 1) 


where no strike occurs. This inequality will 














5These are suggested by Ashenfelter and Johnson, 
pp 37-38. Clearly, there are other possibilities for the 
functional forms, and it would be interesting to ex- 
plore them. 
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prove useful in formulating an estimation 
framework. 


Il. The Estimation Framework 


The equality in (9) and the inequality in 
(10) express the wage settlement as a func- 
tion of parameters (a, Y,, r) which, al- 
though they have straightforward eco- 
nomic interpretations, are not directly ob- 
servable. It seems natural to assume for the 
present that these are to be estimated from 
data on Y,, S,, and the occurrence or non- 
occurrence of a strike in a particular bar- 
gaining situation. 

To be explicit, assume that (9) and (10) 
have an additive error distributed as 
N(0, o?) where g? is an unknown variance. 
This yields 


(11a) 


Y, = —2—Y Po ay e 
si a+r ili + €; 


If a strike occurred in observation i and 


(11b) 


a r_ [1 
Ya < zry aril- ) + & 





if there was no strike in observation 7. Let 


02) Z; = Yy 


a r I 
5 (r) aT gre As = i] 
Rearranging terms and substituting equa- 


tion (12) into relations (lla) and (11b) 
yields 





(13) & = Z; 
(14) & > Zi; 


for the strike and no-strike cases, respec- 
tively. 

In this situation maximum likelihood 
estimation implies that we maximize the 
probability of occurrence or nonoccurrence 
of strikes with given wage outcomes in the 
sample. Relations (12), (13), and (14) along © 
with assumption of independence of the ob- ` 
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TABLE |—FIRMS AND UNIONS IN SAMPLE 














Union 





Number Firm 
1 American Cyanamid 
2 Firestone Tire and Rubber Company 
3 General Electric 
4 General Motors 





International Chemical Workers Union 

United Rubber, Cork, Linoleum, and Plastic Workers of America 
International Union of Electrical, Radio, and Machine Workers 
United Automobile, Aircraft, and Agricultural Implement 


Workers of America 


in 


International Paper 


International Brotherhood of Pulp, Sulphite, and Paper Mill 


Workers, United Papermakers and Paper Workers 


PPG Industries” 

Simmons 

Sinclair Oil Corporation 

United States Steel 
Weyerhaeuser Timber Company 


— 
COO wo~an 


United Glass and Ceramic Workers of North America 
United Furniture Workers of America 

Oil, Chemical and Atomic Workers International Union® 
United Steelworkers of America 

International Woodworkers of America 





4Prior to 1956 UPP was International Brotherhood of Papermakers. 


>Previously Pittsburgh Plate Glass. 


©Prior to 1955 OCA WEU was Oil Workers International Union. 


servations imply a likelihood function of 

the form 

as) L=- sz IL a- rey 
fel 


i=m+1 


where f (Z:) is a normal probability density 
-function and F(Z;) is a cumulative normal 
distribution function.® It is clear that the 
maximum likelihood estimates of a, Yy, 
and r from (15) cannot be computed ana? 
lytically, and for this reason numerical 
methods will be used.’ 


HI. The Sample 


The sample is composed of negotiated 
wage settlements for ten large manufactur- 
ing firms in ten different 2-digit SZC indus- 
tries.’ They are listed in Table 1 along with 


6The term f(e;) represents the probability density of 
the occurrence of a strike with given wage outcome 
characteristics. The probability of nonoccurrence of a 
strike is equal to the probability that inequality (14) 
holds. This can be represented by 1 ~ Pr(e; < Z;) or 
1 — F(Z;). Strikes occurred in the first m observations. 
7See Takeshi Amemiya for a discussion of estima- 
tion where the distribution of the dependent variable is 
truncated normal. In the context of a linear model he 
proves the consistency of maximum likelihood esti- 
mators. 
8By choosing firms in different industries we are as- 
sured that there is a degree of independence among the 
observations. The existence of wage patterns within 
industries in manufacturing implies that wage settle- 
ments reached by firms in the same industry are not 
‘independent. Therefore, it would be incorrect to in- 








the international union with which they 
negotiate. In the two instances where a 
firm negotiated with more than one union 
the negotiations were held jointly. There 
are a total of eighty contracts in the sample 
for the ten firms covering the period from 
1954 to 1970. Strikes occurred in twenty- 
one of the cases. 

The dependent variable Y, is the average 
annual percentage change in the negotiated 
base wage rate for janitors computed be- 
tween contracts.’ This is the conventional 
base wage over which most negotiations 
take place. The only other observable vari- 
able in (9) is labor’s share of total sales, 
S,. Data were collected on total labor costs 
for each firm and on total net sales for each 
firm for the fiscal year preceding each settle- 
ment. Total labor costs include fringe bene- 
fits such as payments into insurance and 
pension funds as well as wages and salaries 
of both union and nonunion workers.’ 





crease the number of observations by including other 
firms from the same industries. 

9] am grateful to Daniel Hamermesh for making 
these data available to me. For further information 
concerning the construction of the wage series and the 
incorporation of automatic cost-of-living increases and 
deferred increases, see Hamermesh, pp. 505-06. 

l0Because these data are all that are available it 
must be assumed that fringe benefits increase at the 
same rate as wages. The inclusion of nonunion labor 
costs causes little distortion in the firm’s estimates of 
the costs of any wage increase because, in general, any 
wage increase granted to production workers is even- 
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IV. Specification of the Testing Model 


The assumption that a and Y, are con- 
stant for every firm in every year is clearly 
not tenable, and it will not be maintained in 
the empirical work that follows. In its place 
hypotheses will be formed concerning the 
exogenous determinants of a and Y,, and 
these will be tested using the formulation 
described above. It is not possible to esti- 
mate both a and r independently because 
equation (9) is homogeneous of degree zero 
in those parameters, and, for this reason, it 
will be assumed that the rate of discount (r) 
is .1 in order to identify a. 

The rate of concession of the union (a) is 
a function of two factors. The first is the 
ability of the union members to replace in- 
come lost during a strike through such 
things as strike benefits or alternative em- 
ployment opportunities. The second is the 
militancy or mood of the rank and file as 
determined by such things as previous 
changes in real wages and how effective 
they can expect a strike to be in terms of 
imposing costs on their employer. Anything 
which increases the militancy of the rank 
and file or reduces the impact of income lost 
during a strike will reduce the union’s rate 
of concession. This hypothesis is very gen- 
eral and empirical exploration is necessary 
in order to more precisely ascertain the 
determinants of a. 

A preliminary specification for a is - 


(16) ay = Ag + ay: FB, + a, U, 
+ 3° Wy) + a,: PC, 
+ as Siu + ag: DRW,, 
where 


a;, = rate of concession of union i in 
year í 





tually extended to all employees. See Albert Rees, 
p. 73. In the simple model used here it is assumed that 
union labor costs are the only costs that are avoided 
during a strike. Thus the use of total labor costs leads 
to an overestimate of the costs avoided during a strike, 
but constraining all other costs, such as expenditures 
on raw materials, to be fixed results in an under- 
estimate of these avoided costs. These distortions are 
at least partially offsetting, and they are ignored here. 
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FB, = union fund balances per member 
of union / in year t 
U, = unemployment rate in year z 
Ta-ı = rate of return on assets for firm i 
in yeart — 1 
PC, = dummy variable having a value 
of one if the observation is in the 
period from 1962-66, and hav- 
ing a value of zero otherwise 
Sri = labor’s share of total sales in firm 
iin year ¢ 
DRW,, = average annual rate of change of 
real wages over the life of the 
previous contract in firm i. This 
is computed as the difference be- 
tween the previous average an- 
nual rate of change in wages and 
the average annual rate of change 
in the consumer price index over 
the life of the previous agree- 
ment. 

Union fund balances per member (FB) 
are a proxy for the ability of the union to 
pay strike benefits to its members, However, 
the measure is faulty in that it does not re- 
flect actual benefits paid, and it reflects only 
balances in the funds of the international 
unions while neglecting assets of the local 
unions.'! Nevertheless, it is the best measure 
available. Higher strike benefits should re- 
duce the impact of lost income during a 
strike and lower the rate of concession. 
Thus, it is expected that a, < 0. 

The national unemployment rate for the 
month of negotiation (U) is hypothesized 
to vary inversely with the availability of 
temporary employment for striking work- 
ers. Temporary employment is another way 
of reducing the impact of income lost dur- 
ing a strike. Thus, the unemployment rate is 
expected to vary directly with the rate of 
concession, and it is expected that a, > 0. 

Past profits of the employer (a,_,) are 
expected to affect worker militancy directly, 
and lower the rate of concession. It is hy- 
pothesized that a, < 0. 

When wage guidelines (PC) are in effect, 


These data were collected from the convention 
proceedings and newspapers of the various unions in 
the sample. 
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‘even if they are of the voluntary variety of 
the 1962-66 period, outside pressure is 
brought to bear on the union to concede. 
Thus, it is expected that the presence of 
guidelines will increase the rate of conces- 
sion and that a, > 0. 

Labor’s share of total sales (S,) is hy- 
pothesized to be directly related to the abil- 
ity of the union to cause a cessation of pro- 
duction in the short run. A union which 
could not shut down the operations of its 
employer would find its members becoming 
discouraged very quickly, and it would con- 
cede rather rapidly. Thus, it is expected that 
a; < 0. It is interesting to contrast this to 
the role of labor’s share in the direct formu- 
lation of (9). There S, has a negative effect 
on the size of the wage settlement because if 
labor’s share is large then the firm’s optimal 
tradeoff between foregone profits during a 
strike and decreased future labor costs will 
be skewed toward the latter. The result will 
be a higher propensity to strike and a lower 
wage settlement. On the other hand, the ef- 
-fect of a large share for labor through the 
rate of concession is to lower the rate of 
concession making a strike less attractive to 
the employer and, hence, yielding a higher 
wage settlement. 

The lagged rate of change of real wages 
(DRW) is expected to have an inverse rela- 
tionship with worker militancy. It is hy- 
pothesized that when real wages are rising 
slowly or falling, workers will be more 
militant and concede more slowly. Thus, it 
is expected that a, > 0. 

There is one other very clear prediction 
about the rate of concession that can be 
inferred from the model: the rate of con- 
cession must be positive for the model to 
make any sense. After estimates of the a’s 
are obtained in the next section, they will be 
used to obtain predicted values for the rate 
of concession for each observation in order 
to see if this condition is met. 

The minimum acceptable wage increase 
after an “‘infinitely” long strike (Y) can be 
interpreted as that proportionate change in 
wages which would make the union wage 
equal to the best alternative wage available 
to the union members; 


x 
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W, - Wy 
a7 Y, = W, 
where W, equals the best alternative wage 
and W, equals the union wage.” If the al- 
ternative wage is interpreted as the average 
nonunion wage in manufacturing, then — Y, 
is a similar concept to the union-nonunion 
wage differential measured by H. Gregg 
Lewis, pp. 219-21, who argued that union 
wages were rigid in that they did not re- 
spond to cyclical changes in the economy. 
Thus, if the alternative wage is not rigid, Y, 
will be directly related to cyclical changes. 
In other words, if the economy is strong 
and if there is a high demand for labor, the 
alternative wage will rise relative to the 
union wage and Y, will increase. The un- 
employment rate (U) is used here as a mea- 
sure of the state of the labor market, and it 
is expected that Y, will be inversely related 
to the unemployment rate. 

There is obviously some interindustry 
variation in wage differentials, and from 
(17) it is easily seen that Y, will be inversely 
related to such variations. However, an in- 
vestigation of the causes of these variations 
is beyond the scope of this study. In order 
to account for these differences, industry 
dummy variables will be used in the estima- 
tion of Y,. 

The following specification is assumed: 


10 
Yu = BoU, +>, BD; 


i=2 


(18) 


where Y,,,, is the minimum acceptable wage 
increase in year ¢ for union i and D; is a 
dummy variable having a value of one in 
industry i and zero elsewhere. The B, can 
be interpreted as the difference between the 
minimum acceptable wage increase in firm i 


!2Equation (17) is obtained from the assumption 
made that (1 + Y¥,)Wy= Wy. 

13]t is not possible to estimate coefficients for 
dummy variables in all ten firms because U, shows no 
cross-sectional variation, and, hence, acts as a constant 
term. The result is that all ten dummy coefficients are 
not identified and one falls into a rather unique sort of 
“dummy variable trap.” A solution is to set the 
dummy variable for industry 1 equal to zero and to 
measure all other Y,; relative to firm 1. 
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and that in firm | at any point in time. 
Firms in industries where the union-non- 
union wage differential is relatively large 
are expected to have relatively low values 
for their B . It is expected that By, the co- 
efficient of U,, will be negative. 

The increase Y, must satisfy three con- 
straints if the interpretation of the model 
presented here is to make sense. First, 
Y, > —1. In other words, the minimum ac- 
ceptable wage rate must be positive. Second, 
Y, < Y,. The minimum acceptable wage 
change must be less than or equal to the 
settlement finally agreed upon. Third, given 
our interpretation of Y, and the fact that 
the union wage differentials are generally 
positive, it is expected that the predicted 
values of Y, < 0. This is a stronger con- 
straint than the second listed above because 
Y, > 0 for all observations in the sample. 

The qualitative expectations concerning 
the parameters a, and Y, are summarized 
below. 


a, <0 a, > 0 By < 0 Yo Y3 
a> 0 as < 0 a >0 Y, <0 
a; < 0 a > 0 Y, > -1 


V. Empirical Results 


Estimates of the parameters of equations 
(16) and (18) are obtained by substituting 
(16) and (18) into (12). This is in turn sub- 
stituted into (15) which is then maximized 
numerically yielding maximum likelihood 
estimates of the a, and B,. These estimates 
are distributed asymptotically normally, 
Estimates of their asymptotic standard er- 
rors are derived using elements of the in- 
verse second derivative matrix of the log 
likelihood function.'* The parameter esti- 
mates along with their standard errors are 
presented in Table 2. 

To facilitate the discussion of the results 
we define a group of functions of a and Y,. 
The first is Ry or the concession range: 


(19) Rr = Yo- Yx 


'4These derivatives are symmetric numeric deriva- 
tives. For further information concerning the ap- 
proximation used see Stephen Goldfeld and Richard 
Quandt, pp. 18-20. 
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TABLE 2— ESTIMATES 
Asymptotic 

Equation (16) — a â Standard Error 
Constant 4.141? 8666 

FB .0075 .0066 

U 0262 .0729 

r —.1582 1.470 

PC .3137° .1826 

S, —8.5798 2.469 

DRW .8129 2.314 
Equation (18) — Y, B 

U — .00954 0056 
Firm 2 -0018 .0i16 
Firm 3 —.0428 .0370 
Firm 4 -0093 .0186 
Firm 5 .0093 .0141 
Firm 6 — .0072 0147 
Firm 7 —.0120 0143 
Firm 8 —.0924 3 .0276 
Firm 9 — 0607? .0197 
Firm 10 — .0094 .0144 





aSignifies that the coefficient is asymptotically sig- 
nificantly different from zero at the 5 percent level on 
the basis of a one-tailed test where appropriate, or a 
two-tailed test where the former is not appropriate. 


This is the maximum amount by which the 
firm may reduce through a strike the pro- 
portionate wage increase it grants to its 
workers. The second is Rp or the range of 
future concessions which is defined as 


(20) Rr(s) = Vals) — Ys 


Since Y, is a function of the length of strike 
incurred, Rp represents the amount of the 
concession range (Rr) still to be conceded 
after a strike of length s. Clearly, Rp(0) = 
Rr. Next, we define T as the half-life of 
R,;(s) or, in other words, as that length of 
strike necessary to reduce R,(s) to one-half | 
of its original value (R+). Solving 


(21) 
RAG) AGO BY peat cs 
Ry R,(s) 
for T yields 
(22) T = In (2)/a 


T is independent of s, and it represents the 
further length of strike required to reduce 
R,-(s) to .5R;z(s) for any s. The Ry and T are 
interesting concepts because they represent, ~ 





` 
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TABLE 3 
Firm Y, Fi Y; Ry a T A 
1. American Cyanamid 0516 .0581 — .0472 1054 1.99 351 0495 
2. Firestone 0504 0619 — .0480 1099 2.16 325 0504 
3. General Electric 0506 0679 — .0872 1552 969 726 0955 
4. General Motors 0460 0514 — .0408 .0933 2.21 315 -0425 
5. International Paper .0459 .0470 — 0405 .0876 2.32 299 0422 
6. PPG 0360 0466 — 0530 0991 1.54 462 0559 
7. Simmons 0520 0588 — 0606 1194 1.59 444 0645 
8. Sinclair Oil 0391 0495 — 1368 1859 3.31 .210 1584 
9. US. Steel 0391 .0473 — 1048 1522 772 976 1170 
10, Weyerhaeuser 0391 0443 — .0581 1024 1.92 364 .0616 
AVERAGE 0451 0531 — .0670 1204 2.00 ALS 0731 
Y, = proportionate wage increase granted ā = rate of concession 
Yo = minimum acceptable wage increase with no strike T = half-life of concession range in years 
Y, = minimum acceptable wage increase after infinite strike A = — Y+ nt + Ys) 


Ry = Yo- Ý, = concession range 


respectively, to the firm the total possible 
gains from a strike and how long it will take 
to achieve a fixed proportion of those gains. 

Values of Ry for each observation in the 
sample were computed by obtaining esti- 
mates for Y, and subtracting the predicted 

value of Y,. Estimates of Yọ were obtained 
by solving equation (1’) for Y, using the 
predicted values for Y, and a as well as 
data on Y, and s. The T were computed 
from equation (22) using the estimates ob- 
tained for a. Presented in Table 3 are aver- 
age values of Yo, Ry, and T for each firm as 
well as their overall averages. 

By accepting the interpretation of Y,, 
given in equation (17), as a function of the 
union-nonunion wage differential, we com- 
puted the standard union-nonunion wage 
differential (A) as a function of Y,. 

(23) A= Wo- Wi = Jae 

W, ER 
The differential computed from the average 
predicted Y, for each firm is presented in 
Table 3. The overall average differential 
estimated in this study of .0731 is somewhat 
smaller than the differentials estimated by 
Lewis using aggregate earnings data. The 
fact that the concept of the best alternative 
wage used in this study is not strictly the 
nonunion wage but is some weighted aver- 
age of union and nonunion wages may ac- 

. count for the difference in estimates. 


nion-nonunion wage differential 


All of the estimated coefficients in the 
equation determining a except that for 
union fund balances (FB) have the expected 
sign, but only those for the wage guidelines 
dummy (PC) and labor’s share (S,) are sig- 
nificantly different from zero. The nonsig- 
nificance of the variables representing 
“militancy” (7,DRW) and “income re- 
placement” (FB, U) suggests that these vari- 
ables have little explanatory power. How- 
ever, by the same criteria, those reflecting 
outside pressure (PC) and potential strike 
effectiveness (S,) do seem to play a role in 
the determination of the rate of concession. 
Further empirical work is necessary in or- 
der to sort out more precisely the effects of 
these variables on the wage settlement and 
strike length. 

Predicted values of a and their asymptotic 
standard errors were computed for each ob- 
servation, and, in accordance with our ex- 
pectations, they are all significantly positive 
at the 5 percent level. Average values of a 
for each firm are presented in Table 3. 

The average half-life (T) of the conces- 
sion ranges (Rr) in Table 3 is .415 years or 
approximately five months. This is longer 
than any strike in the sample. In fact, in 
none of the bargaining situations in the 
sample did the employer stand a strike long 
enough to gain half of the potential reduc- 
tion in the wage increase. 

The significance of the coefficient of the 
unemployment rate in the equation deter- 
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mining Y, implies that the minimum ac- 
ceptable wage increase moves cyclically, 
providing support for the wage rigidity 
hypothesis. Two of the firm dummies have 
coefficients significanzly different from zero 
implying that for a given unemployment 
rate these firms face a significantly different 
minimum acceptable wage increase (Y,) 
than does firm 1.!° The fact that these coeffi- 
cients are negative implies that the union- 
nonunion wage differentials in the indus- 
tries containing the two firms (petroleum 
and steel) are larger than that in the indus- 
try of firm 1 (chemicals), The average differ- 
entials (A) in Table 3 are, in fact, much 
larger for the firms in these industries than 
for American Cyanamid." 

As was done with the rate of concession, 
predicted values and asymptotic standard 
errors were computed for Y, for each ob- 
servation. Average values of Y, for each 
firm are presented in Table 3. Once again 
the results are in accordance with our ex- 
pectations. All of the predicted Y,, were sig- 
nificantly greater than — 1 at any reasonable 
level. They were all also negative, although 
only fifty-two of the eighty were signifi- 
cantly negative at the 5 percent level. How- 
ever, seventy-nine of the eighty were sig- 
nificantly negative at the 10 percent level. 

It is illuminating to examine a particular 
bargaining situation in the context of the 
empirical results. The strike against the 
Firestone Tire and Rubber Company by the 
United Rubber Workers in 1967 lasted 
ninety-one days or .25 years. This was the 
longest strike in the sample relative to the 
half-life of the concession range although it 
is not the longest strike in absolute terms. 


1SA likelihood ratio test of the null hypothesis that 
all of the firm dummies ia the equation determining 
Y, are equal versus the alternative that they vary by 
firm decisively rejects the null hypothesis at any reason- 
able significance level. 

16It is interesting to note that, while the implied 
wage differentials in the petroleum and steel industries 
are the largest in the sample, the average concession 
rate of Sinclair Oil is the largest in the sample and the 
average concession rate of United States Steel is the 
smallest. This raises some interesting questions con- 
cerning the relationship between the size of the long- 
run union-nonunion wage differential, the ability of 
the union to win a wage increase at a point in time, 
and the propensity to strike in an industry. 
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The ratio of the strike length to T was .758. 
The final settlement was for an average an- 
nual proportionate wage increase of 4.61 
percent. The wage increase the firm would 
have had to offer to avert the strike (Yọ) 
was computed to be 10.14 percent. On the 
basis of these figures the strike seems to 


‘have significantly reduced the size of the 


wage increase granted. 

Using the financial data of the firm it is 
possible to compute in very rough terms the 
benefit-cost ratio of the strike to Firestone. 
The ratio of net income to net sales, and the 
ratio of wages, salaries, and employeé bene- 
fits to net sales were fairly stable at .055 and 
.3, respectively, for the period surrounding 
1967.7 An approximation to the benefits 
from the strike is 


(24) BEN = 


f (1 + Yo) — (1 + Y,)].3PQe™ dt 


This is the reduction in future labor costs 
resulting from granting a wage increase of 
Y, rather than Yọ. The approximate loss 
can be expressed as 
S 

(25) LOS = f .055PQe~" dt 

0 
or the profits foregone during the strike. 
The BEN/LOS ratio is computed using the 
values z = .l,s = .25, Y, = .0461, and Y, = 
.1014. The resulting ratio is approximately 
11.9, and it is so large as to leave little doubt 
as to Firestone’s wisdom in taking the 
strike. 

It is also interesting to compute the wage 
increase (Y,) Firestone could have granted 
without a strike while remaining on the 
same iso-value curve it settled on after the 
strike. The Y, will be less than Y, and 
greater than Y,, but its position in this 
range has implications for union policy.” 
The Y, is computed by equating the gain 
from averting the strike (foregone profits) 
with the cost of averting the strike (in- 
creased future labor costs) and solving for 
Y,. Foregone profits are given in equation 


17See Firestone Tire and Rubber Company, pp. 8-9. 
The calculations that follow are not entirely consistent, 
but they are useful for expository purposes. 

18See Figure 1. 
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(25) while increased future labor costs 
(COS) are 


(26) COS = 
| (Q + Yi) - (1 + Y,)].3PQe” di 


The solution yields Y, = .0507. This is 
much closer to Y, than to Yo. This sug- 
gests that Fuirestone’s iso-value curves, 
shown in Figure 1, were quite flat, and even 

„a substantial moderation in Yp by the union 
would not have averted the strike. 


VI. Conclusions 


In the previous section the bargaining 
model derived earlier was estimated in or- 
der to determine the reasonableness of the 
formulation. On the basis of these results it 
can be conditionally concluded that the 
model is indeed reasonable. The empirical 
results lend support to virtually all of our a 
priori qualitative hypotheses concerning the 
structure of the model. 

More specifically, it was found that the 

“rate of concession of the union members is 
responsive both to the outside pressure of 
wage guidelines and to the potential effec- 
tiveness of a strike. Another finding was 
that the minimum acceptable wage change 
after a long strike can tentatively be mod- 


19A rational firm would be willing to settle (un- 
expectedly) without a strike for anything less than Y}. 
In fact, its final offer should approximate Y,. Fire- 
stone’s final public offer was .0391. This is less than 
Yı, probably because common sense bargaining 
strategy dictates that when the parties are not close to 
agreement they do not publicly concede all that they 
` are actually willing to give. See U.S. Bureau of Labor 
Statistics, pp. 3-4, for a description of the negotia- 
tions. The numerical estimates of Y, as well as the 
estimates of the benefit-cost ratio depend crucially 
upon the assumed value of the rate of discount. How- 
ever, the qualitative results are not affected. An in- 
crease in the assumed discount rate will increase the 
value of profits foregone relative to future savings in 
labor costs, and the result will be a decrease in the 
benefit-cost ratio. However, because of the manner in 
which Yo is computed, an increase in a ex post will in- 
crease our estimate of Yo. This will increase the bene- 
fit-cost ratio and offset the first effect. An increase in 
the rate of discount will increase our estimate of Y}, 
but because our estimates of Yọ is also increased the 
relative position of Y, in the Yọ — Y, range will not 
x be substantially changed. These assertions were veri- 
fied using values of r between .05 and .5. 


FARBER: BARGAINING THEORY AND STRIKES 271 


eled as that change which makes the union 
wage equal to some alternative wage. In 
this context the hypothesis of the rigidity of 
union wages was tested and could not be re- 
jected. 

The results of this study demonstrate the 
feasibility of analysing the outcome of col- 
lective bargaining using a simple model. 
The ease of interpretation of the param- 
eters add considerable richness to the em- 
pirical results, and ultimately, may even be 
of use in micro-economic decision making. 
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The Effects of a Firm’s Investment and Financing - 
Decisions on the Welfare of its Security Holders 


By EUGENE F. FAMA* 


In their classic article, Franco Modigliani 
and Merton H. Miller showed that in a per- 
fect capital market, and given some other 
peripheral assumptions, the financing de- 
cisions of a firm are of no consequence. 
Substantial controversy followed, centered 
in large part on which of the peripheral as- 
sumptions are important to the validity of 
the theorem. For example, Joseph: Stiglitz 
(1969, 1974) argues that in addition to a 
perfect market, the critical assumption is 
that bonds issued by individuals and firms 
are free of. default risk. However, in chap- 
ter 4 cf our book, Miller and I show that 
the theorem holds when debt is risky as 
long as stockholders and bondholders pro- 
tect themselves from one another with what 
Fama and Miller (hereafter noted F-M) 
call “‘me-first rules.” 

This paper. shows that me-first rules are 
also unnecessary. Propositions about the 
irrelevance of the’ financing decisions of 
firms can be built either on the assumption 
that investors and firms have equal access 
‘to the capital market or on the assumption 
that no firm issues securities for which there 
are not perfect substitutes from other firms. 
With either approach one can show that if 
the capital market is perfect, then (a) a 
firm’s financing decisions have no effect on 
its market value, and (b) its financing de- 
cisions are of no consequence to its security 
holders. 

The paper begins with a review of existing 
capital structure theorems, focusing on the 


*Graduate School of Business, University of Chi- 
cago. This research is supported by the National Sci- 
ence Foundation. I am grateful for the comments of 
R. Ball, M. Blume, G. Borts, H. DeAngelo, N. 
Gonedes, R. Hamada, M. Jensen, S. Ross, M. Scholes, 
G. W. Schwert, and R. Weil. If I have any clear 
thoughts on the subject matter of this paper, they are 
due in large part to discussions with Merton H. Miller. 
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work of Stiglitz and F-M. The discussion of 
old results has two purposes. The literature 
in this area has tended to become increas- 
ingly mathematical. One of the goals here 
is to show that the capital structure proposi- 


‘tions in fact rest on simple economic argu- 


ments. Examining previous results also 
helps put the new results to be presented 
into perspective. 

Finally, F-M and Stiglitz (1972) note that 
when firms can issue risky debt, the market 
value rule for the investment decisions of 
firms is ambiguous. With risky debt, maxi- 
mizing stockholder wealth, bondholder 
wealth, or the combined wealth of bond- 
holders and stockholders can imply three 
different investment decisions. Stiglitz ar- 
gues that firms are likely to maximize stock- 
holder wealth, even though this might be 
less economically efficient than maximizing 
combined stockholder and bondholder 
wealth. Miller and I leave the issue unre- 
solved. I argue here that maximizing com- 
bined stockholder and bondholder wealth 
is the only market value rule consistent with 
a stable equilibrium, and that in its capacity 
as price setter the market can provide in- 
centives for firms to choose this rule. 


I. Arbitrage Proofs of the 
Market Value Proposition 


Much of the early literature is concerned 
with the proposition that the market value 
of a firm is unaffected by its financing de- 
cisions, and most of the early proofs use 
arbitrage arguments. The general idea is 
that if the financing decisions of a firm affect 
its market value, there are arbitrage op- 
portunities that can be used to produce 
costless instantaneous increases in wealth. 
Since the existence of such opportunities is 
inconsistent with equilibrium in a perfect 
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capital market, one can conclude that the 
market value of a firm is unaffected by its 
financing decisions. Examples of this ap- 
proach are the original “risk class” model 
of Modigliani and Miller and the “‘states of 
the world” model of Jack Hirshleifer (1965, 
1966). 

In all of the arbitrage proofs of the mar- 
ket value proposition, there are five common 
assumptions: 


Assumption 1: Perfect Capital Market. 
There are no transactions costs to investors 
and firms when they issue or trade securi- 
ties; bankruptcy likewise involves no costs; 
there are no taxes; and there are no costs in 
keeping a firm’s management to the decision 
rules set by its security holders. The perfect 
capital market assumption is maintained 
throughout the paper. Thus, I shall not dis- 
cuss the interesting problems that arise from 
the differential treatment of corporate divi- 
dend and interest payments in computing 
corporate taxes, or the problems that arise 
from the differential treatment of dividends 
and capital gains in computing personal 
taxes. Nor shall I discuss any effects of 
bankruptcy costs or managerial agency costs 
on the nature of optimal investment and 
financing decisions by firms. 


Assumption 2: Equal Access. Individuals 
and firms have equal access to the capital 
market. This means that the types of securi- 
ties that can be issued by firms can be issued 
by investors on personal account. For ex- 
ample, suppose an investor owns the same 
proportion of each of a firm’s securities, so 
that he has a direct share in the firm’s activi- 
ties, Equal access implies that, using the 
firm’s securities as exclusive collateral, the 
investor can issue the same sort of securities 
as the firm. If firms can issue securities that 
contain limited liability provisions, such 
provisions can also be included in securities 
issued by investors against their holdings in 
firms. Moreover, the prices of securities are 
determined by the characteristics of their 
payoff streams and not by whether they are 
issued by investors or firms. Equal access 
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could logically be included as a characteristic 
of a perfect capital market, but it plays such 
an important role in capital structure 
propositions that it is stated separately. 


Assumption 3: Complete Agreement or 
Homogeneous Expectations. Any informa- 
tion available is costlessly available to all 
market agents (investors and firms), and all 
agents correctly assess the implications of 
the information for the future prospects of 
firms and securities. For most of what we 
do, it would be sufficient to assume that all 
market agents can correctly determine when 
securities issued by different investors and 
firms are perfect substitutes, but it seems 
at best a short step from this to complete 
agreement. A perfect capital market could 
be taken to imply complete agreement, but 
it is common in the literature to state the 
two as separate assumptions. 


Assumption 4: Only Wealth Counts. Aside 
from effects on security holder wealth, the 
financing decisions of a firm do not affect 
the characteristics of the portfolio op- 
portunities available to investors. Thus the 
effects of a firm’s financing decisions on the 
welfare of its security holders can be equated 
with effects on security holder wealth. This 
assumption is only precise in the context of 
models that say which characteristics of 
portfolio opportunities are of concern to in- 
vestors. We need not be so specific. For our 
purposes it is sufficient to assume that the 
capital market satisfies whatever conditions 
are necessary to ensure the desired cor- 
respondence between wealth and welfare. 
Moreover, we shall see that one of the con- 
tributions of more recent treatments of 
capital structure propositions is to show 
that this assumption is unnecessary. 


Assumption 5: Given Investment Strategies. 
To focus on the effects of a firm’s financing 
decisions on the welfare of its security 
holders, all proofs of capital structure 
propositions take the investment strategies 
of firms as given. Although decisions to be 
made in the future are unknown, the rules 
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that firms use to make current and future 
investment decisions are given. In addition, 
investment decisions are made indepen- 
dently of how the decisions are financed. In 
the last section of the paper, we consider 
the nature of optimal investment strategies 
for firms. 


Stiglitz (1974, Theorem 2) gives the most 
general arbitrage proof that Assumptions 
1-5 imply that the market value of a firm is 
unaffected by its financing decisions. Sup- 
pose there is an optimal capital structure for 
the firm, but the firm does not choose this 
capital structure. Any investor can provide 
the optimal capital structure to the market 
by buying equal proportions of the firm’s 
securities and then issuing the optimal pro- 
portions on personal account. If the market 
value of the firm were less than the value 
implied by an optimal capital structure, by 
providing the optimal capital structure to 
the market, the investor could earn an ar- 
bitrage profit. Since every investor has an 
incentive to exploit such opportunities and 
since exploitation is costless, their existence 
is inconsistent with a market equilibrium. 
In equilibrium, the market value of a firm is 
always the value implied by an optimal 
capital structure, irrespective of the capital 
structure chosen by the firm. Thus, at least 
with respect to its effects on the firm’s mar- 
ket value, any choice of capital structure by 
the firm is as good as any other. 


II. Market Value and Security Holder 
Indifference 


In the fourth chapter of our book, Miller 
and I show that the absence of a relation- 
ship between a firm’s market value and its 
financing decisions does not in itself imply 
that the financing decisions are of no con- 
sequence to the firm’s security holders. 
When the firm can issue risky debt, it may 
be able to use its financing decisions to shift 
wealth from its bondholders to its stock- 
holders or vice versa. 

To illustrate, assume a discrete time world 
in which the firm can issue two general 
types of securities, bonds and common 
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stock. Given a perfect capital market and a 
market where the financing decisions of a 
firm do not affect the important char- 
acteristics of the portfolio opportunities 
available to investors, there is nothing the 
firm can do with its financing decisions at 
time t that will help or hurt investors who 
buy the firm’s securities at time t. Thus it 
suffices to examine the effects of the firm’s 
financing decisions at t on the wealths of in- 
vestors who have held its securities from 
t-i. 

Let S,_,(t) and B,_,(t) be the market 
values at time t of the firm’s common stock 
and bonds outstanding from t — 1. The 
combined value of these old stocks and 
bonds at t is the market value of the firm 
V(t), less the value of new bonds issued at 
t, b(t), less the market value of new com- 
mon stock s(t): 


(1) S(t) + BO = V(t) - b(t) — s(t) 


The firm also makes dividend and interest 
payments at t, and we assume these are made 
only on securities outstanding from t — 1. 
Total dividend payments D(t) and interest 
payments R(t) are defined by 


(2) 
D(t) + R(t) = X(t) — I(t) + H(t) + s(t) 


where X(t) is net cash income at t (cash 
revenues minus cash costs), and I(t) is the 
cash outlay for investment. Adding (1) and 
(2), the total wealth at time t associated with 
common stock and bonds outstanding from 
t— lis 


(3) [D(t) + Si1(D] + [R(t) + Br-1(] = 
X(t) — I(t) + V(t) 


Since all capital structure propositions 
take the firm’s investment strategy as given, 
I(t) does not depend on financing decisions 
att. The net cash earnings X(t) are the re- 
sult of past investment decisions and so are 
independent of financing decisions at t. As- 
sumptions 1-5 ensure that the value of the 
firm V(t) is unaffected by its financing de- 
cisions. Since X(t), Z(t), and V(t) are all in- 
dependent of financing decisions at t, we 
can conclude from (3) that the: combined 
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wealth of old bondholders and stockholders 
at time t is independent of the firm’s financ- 
ing decisions at t. 

However, there might be financing de- 
cisions that the firm can make at time t that 
change the nature of the claims represented 
by the bonds outstanding from t — 1 and so 
shift wealth from bondholders to stock- 
holders or vice versa. For example, suppose 
the firm’s old bonds are free of default risk 
if no new debt is issued, but the firm can 
issue new debt that has the effect of impos- 
ing default risk on the old bonds. The new 
debt thus brings about a change in the char- 
acteristics of the old debt which we would 
expect to lead to a lower value of B,_,(t). 
Since the combined wealth of the old bonds 
and stocks is independent of the financing 
decision, issuing the new debt has the effect 
of shifting wealth from the old bondholders 
to the old stockholders. Alternatively, sup- 
pose the old debt is already subject to de- 
fault risk, and at time t the firm retires some 
of it but not the entire amount. In the event 
of bankruptcy at a future date, eech of the 
remaining bonds recovers more than if 
some of the old bonds are not retired at t. 
When a firm announces such a financing de- 
cision at t, we would expect the value B,_,(t) 
of all the old bonds to be higher than when 
no retirement takes place. Thus given con- 
stant total wealth, the financing decision 
implies a shift of wealth from the old stock- 
holders to the old bondholders. In short, 
the fact that the market value of a firm is 
independent of its financing decisions does 
not necessarily imply that the financing de- 
cisions are a matter of indifference to the 
firm’s security holders. 

Given the world of Assumptiors 1-5, the 
indifference proposition will hold if we re- 
strict the types of securities that can be is- 
sued by firms so as to guarantee that the 
characteristics of the payoffs on the firm’s 
old bonds are unaffected by its financing 
decisions at t. One way to accomplish this 
is to assume that all debt is free of default 
risk, which is the approach taken by Stiglitz 
(1969, 1974), In chapter 4 of our book, 
however, Miller and I show that the desired 
result is obtained when investors protect 
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themselves with me-first rules. For example, 
bondholders insist that any new debt issued 
is junior to existing debt—in the event of 
bankruptcy, older bonds are paid off before 
newer bonds. The stockholders in their turn 
insist that the firm does not use its financing 
decisions to improve the positions of any 
bondholders. For example, if the firm wants 
to retire debt before its maturity, junior 
issues must be retired before senior issues, 
and any issues retired must be retired in 
full. We formalize these statements with a 
new assumption. 


Assumption 6: A firm’s stockholders and 
bondholders protect themselves from one 
another with costlessly enforced me-first 
rules which ensure that the characteristics 
of the payoffs on the firm’s outstanding 
bonds are unaffected by changes in its capi- 
tal structure. 


In sum, Assumptions 1-5 are sufficient to 
conclude that the market value of a firm is 
unaffected by its financing decisions. Risk- 
free debt or the me-first rules of Assump- 
tion 6 then lead to the somewhat stronger 
conclusion that the financing decisions of 
the firm are a matter of indifference to all 
of its security holders. 


III. The Irrelevance of a Firws 
Dividend Decisions 


A firm’s dividend decision at any time t 
is part of its financing decision. The pre- 
ceding analysis implies that when a firm’s 
securities are protected by me-first rules, the 
firm’s dividend decision at t determines 
how the wealth of its shareholders is split 
between D(t) and S,_,(t), but the sum of the 
two components of shareholder wealth is 
unaffected by the dividend decision. In 
short, dividend decisions are a matter of in- 
difference to the firm’s security holders 
whenever financing decisions are a matter 
of indifference. 

However, dividend decisions can be a 
matter of indifference even when other as- 
pects of the firm’s financing decisions are 
of some consequence. Consider a world 
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where the market value of a firm V(t) is un- 
affected by its financing decisions, but the 
firm has risky debt outstanding which is not 
protected by me-first rules. By issuing more 
or less new bonds b(t) at time t, the firm can 
affect the value of its old bonds B,_,(t), 
which in turn affects the split of wealth be- 
tween its old bonds and its old stock. Any 
such effects on the wealths of old bonds and 
stocks are, however, due entirely to the 
choice of b(t). Since the firm can issue more 
or less new stock s(t) at time t, we can see 
from equation (2) that the choice of b(t) 
need not affect the decision about the divi- 
dend D(t). We can see from equations (1) to 
(3) that given any decision about b(t) and its 
implication for B,_,(t), the dividend de- 
cision again just affects the split of share- 
holder wealth between dividends and capi- 
tal value. 

Keep in mind that we are taking the in- 
vestment strategy of the firm as given. For 
example, if a firm that has risky bonds out- 
standing unexpectedly increases its dividend 
by selling off assets, there is a shift in wealth 
from bondholders to stockholders. How- 
ever, the shift should be attributed to the 
investment decision, the sale of assets, rather 
than to the dividend decision since the 
same shift of wealth takes place, but in the 
form of a capital gain instead of a dividend, 
if the firm announces that the proceeds from 
the sale of assets will be used to repurchase 
shares. 


IV. Dropping the “Only Wealth Counts” 
Assumption 


Beginning with Modigliani and Miller, 
proofs of capital structure propositions 
generally include the Assumption 4 that 
aside from effects on security holder wealth, 
the financing decisions of firms do not affect 
the characteristics of the portfolio oppor- 
tunities available to investors. Thus, the 
effects of financing decisions on security 
holder welfare can be evaluated in terms of 
their effects on security holder wealth. An 
exception to this approach is Stiglitz (1969, 
1974) who shows that assumptions that lead 
to capital structure propositions also imply 
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a world where the portfolio opportunities 
facing investors are unaffected by the fi- 
nancing decisions of firms. Formally: 


THEOREM 1: Suppose the capital market 
is perfect in the sense of Assumption 1, the 
equal access and complete agreement pro- 
visions, Assumptions 2 and 3, hold, the in- 
vestment strategies of firms are given in the 
sense of Assumption 5, and debt is either free 
of default risk or investors insist on the me- 
first rules of Assumption 6. Then the char- 
acteristics of a general equilibrium, that is, 
the market values of firms, the positions that 
investors take in firms and the costs of these 
positions, are unaffected by the financing de- 
cisions of firms. Thus, the financing decisions 
of firms are of no consequence to investors. 


The intuition of the argument of Stiglitz’ 
theorem is that when investors and firms 
have equal access to the capital market, the 
positions in firms that can be created and 
traded among investors are determined by 
the investment strategies of firms, and the 


possibilities are the same for any set of ™ 


financing decisions by firms. Thus, the fi- 
nancing decisions of firms have no effect on 
the set of general equilibria that can be 
achieved in the capital market. 

Moreover, once a general equilibrium 
has been achieved, implying an optimal set 
of holdings in firms by investors, there is no 
reason why changes in the financing de- 
cisions of firms should move the market to 
a different general equilibrium. When firms 
perturb a general equilibrium by changing 
their financing decisions, their actions 
neither expand nor contract the types of po- 
sitions in firms that can be created by in- 
vestors. It follows that an optimal response 
to the changes in the financing decisions of 
firms occurs when the general equilibrium 
remains unchanged. Specifically, the market 
responds by leaving the values of firms and 
their previously existing bonds unchanged. 
Investors respond by exactly reversing the 
changes in the financing decisions of firms 
on personal account so that the positions of 
investors in firms are unaffected by the 
changes in the financing decisions of firms. 
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The formal proof of Theorem 1 requires 
that changes in the financing decisions of 
firms can be reversed by investors on per- 
sonal account. For this, the equal access 
Assumption 2 is required, but it is also as- 
sumed either that bonds are free of default 
risk (the assumption that Stiglitz (1974) uses 
in his proof of Theorem 1) or that investors 
insist on and costlessly enforce appropriate 
me-first rules (the extension of Stiglitz’s 
analysis suggested by F-M). In the presence 
of risky bonds and in the absence of me- 
first rules, the firm can use changes in its 
financing decisions to, in effect, expropriate 
the positions of bondholders to the benefit 
of stockholders, or vice versa. And the ex- 
propriations cannot always be neutralized 
by investors on personal account. 

For example, suppose the firm increases 
the dividend paid to stockholders at time t 
by issuing new bonds that have the same 
priority as the firm’s old bonds in the event 
of bankruptcy. Even if the shareholders use 
the increase in dividends to repurchase the 
new bonds issued by the firm, things are not 
as they were. The new bonds are still out- 
standing, so that in the event of bankruptcy 
each of the old bonds gets less than if no 
new bonds are issued. By issuing new bonds 
that have equal priority with the old bonds, 
the firm has expropriated part of the hold- 
ings of the old bondholders to the benefit of 
its stockholders. Other examples, some in- 
volving expropriations of stockholder po- 
sitions to the benefit of bondholders, are 
easily constructed. 


V. Capital Structure Propositions 
without Me-First Rules 


The assumptions that debt is free of de- 
fault risk or security holders protect them- 
selves with me-first rules are, however, ar- 
bitrary restrictions on the types of securities 
that can be issued. Some firms or investors 
may want to issue unprotected bonds, and, 
appropriately priced, other investors may 
be willing to hold them. It is now argued 
that such restrictions on investment op- 
portunities are unnecessary, and this is the 
_ first new result of the paper. 
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THEOREM 2: Suppose the capital market 
is perfect in the sense of Assumption I, the 
equal access and complete agreement pro- 
visions, Assumptions 2 and 3, hold, and the 
investment strategies of firms are given in the 
sense of Assumption 5. Then the char- 
acteristics of a general equilibrium, that is, 
the market values of firms, the positions that 
investors take in firms and the costs of these 
positions, are unaffected by the financing de- 
cisions of firms. Thus, the financing decisions 
of firms are of no consequence to investors. 


To establish the theorem we return to 
time 0, the time when the first firms are or- 
ganized and before they have issued any 
securities. The firms choose their investment 
strategies and then they go into the capital 
market for the resources to finance these in- 
vestment strategies. At this point it is clear 
that given a perfect capital market and 
given equal access to the market by indi- 
viduals and firms, the financing decisions of 
firms have no effect on the nature of a 
general equilibrium. The positions in firms 
that investors create and hold, the prices of 
these positions, and thus the market values 
of firms are independent of the financing 
decisions of firms. 

If unprotected securities are issued at 
time 0, then when time 1 comes along firms 
may be able to use their financing decisions 
to affect the positions of their security 
holders. When they hold the securities of a 
firm that are not protected by me-first rules, 
investors would of course prefer that the 
firm not engage in financing decisions at 
time | that have the effect of expropriating 
their positions; or, they would rather that 
the firm expropriate to their benefit the 
positions of other investors. But all of this 
is irrelevant, once we reconsider how it 
happened that at time 0 some investors put 
themselves into positions that could be ex- 
propriated at time 1. In an equal access 
market, the financing decisions of firms af- 
fect neither the variety of securities that 
could be traded at time O nor the instru- 
ments that are chosen by investors. If the 
positions that investors want to hold in 
firms are not offered by the firms, investors 
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can buy up the securities of firms and create 
their desired positions in trades among 
themselves. Thus, the positions, protected 
and unprotected, that investors take in 
firms at time 0 are the same irrespective of 
the financing decisions of firms at time 0. If 
at time 1 some investors profit from or are 
hurt by unprotected positions taken at time 
0, all of this happens to exactly the same ex- 
tent for any set of financing decisions by 
firms at time 0. 

Likewise, at time 1 firms cannot use their 
financing decisions to affect the positions in 
firms that investors choose to carry forward 
to time 2. Given an equal access market, 
investors can refinance any firm, buying 
equal proportions of all its securities, and 
then issuing preferred proportions on per- 
sonal account. Thus the types and quanti- 
ties of claims against firms that investors 
carry forward from time | to time 2 are in- 
dependent of the financing decisions of 
firms at time 1. If expropriations take place 
at time 2 as a result of positions taken at 
time l, the same investors are helped or 
hurt by these expropriations and to exactly 
the same extent when the unprotected se- 
curities are issued at time | by firms as when 
they are issued by investors in trades among 
themselves. 

The arguments are general. When inves- 
tors and firms have equal access to the capi- 
tal market, at any point in time the positions 
that investors take in firms, the prices of 
these positions and thus the market values 
of firms are unaffected by the financing de- 
cisions of firms. Since the financial history 
of any investor—what happens to him in 
the market through time—is unaffected by 
the financing decisions of firms, the financ- 
ing decisions of firms are of no consequence 
to investors. 

In all versions of the capital structure 
propositions discussed so far, equal access 
to the capital market by investors and firms 
is assumed. However, the assumption is 
stronger when debt is neither free of default 
risk nor protected by me-first rules. One is 
likewise leaning harder on the complete 
agreement assumpticn. Investors must be 
able to specify the details of potentially ex- 
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propriative contracts in the same way as 
firms. If investors issue unprotected bonds 
against their holdings in firms, they sub- 
sequently expropriate (for example, issue 
more unprotected bonds) in the same 
circumstances as would the firms. This re- 
quires either that the conditions or states of 
the world in which expropriations will take 
place at any time t are stated explicitly in 
loan contracts or that investors make ac- 
curate assessments of the probabilities and 
extent of expropriations in different future 
states of the world. Probabilistically speak- 
ing, neither issuers nor purchasers of loan 
contracts are ever “fooled? by anything 
that happens during the life of a contract, 
and the price of a contract always properly 
reflects the possibilities for future expro- 
priations. 

I now show that the capital structure 
propositions can be established without the 
equal access assumpiion. The cost, how- 
ever, is a new assumption which precludes 
a firm from issuing any securities mono- 
polistically. In effect, we set up conditions 
that lead to a capital market which is per- 
fectly competitive with respect to the financ- 
ing decisions of a firm, 


VI. Capital Structure Propositions 
without Equal Access 


In Theorem 2, as in Theorem 1, the port- 
folio opportunities facing investors turn out 
to be independent of the financing decisions 
of firms. However, firms can still be mo- 
nopolists in their investment decisions. A 
firm may have access to investment op- 
portunities that allow it to create securities 
with payoff streams whose characteristics 
cannot be replicated by other firms. Never- 
theless, when there is equal access to fi- 
nancial markets, investors can issue the 
same claims against their holdings in firms 
that the firms themselves can issue. As a 
consequence, once firms have chosen their 
investment strategies, there is nothing 
further they can do through their financing 
decisions to affect the opportunity set facing 
investors. å 

If this result is to hold when the equal ac- 
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cess assumption is dropped, we must re- 
structure the world in such a way that the 
actions that investors (with equal access) 
take to free the investment opportunity set 
from any effects of financing decisions by 
firms, can be taken instead by firms. To 
accomplish this, firms are no longer allowed 
to issue securities for which there are not 
perfect substitutes issued by other firms. 
This implies that firms can no longer have 
monopolistic access to investment op- 
portunities, Firms must also be given the 
motivation to act in the manner that leads 
to the validity of the capital structure 
propositions. In contrast, in an equal access 
world, once firms choose their investment 
strategies, what then happens when they get 
themselves to the capital market is beyond 
their control. 
The specific new assumptions are: 


Assumption 7: No firm produces any 
security monopolistically. There are always 
perfect substitutes issued by other firms. 
Moreover, if a firm shifts its capital struc- 
ture, substituting some types of securities 
for others, its actions can be exactly offset 
by other firms who carry out the reverse 
shift, with the result that aggregate quanti- 
ties of each type of security are unchanged. 


Assumption 8: The goal of a firm in its 
financing decisions is to maximize its total 
market value at whatever prices for securi- 
ties it sees in the market. Since firms are 
shown to be perfectly competitive in the 
capital market, the assumption is unobjec- 
tionable. 


The arguments in the proof of the theorem 
that follows are similar to those used by the 
author and Arthur Laffer in discussing suf- 
ficient conditions for perfect competition in 
product markets in a world of perfect cer- 
tainty. Also relevant are papers by the au- 
- thor (1972) and Fischer Black and Myron 
Scholes. 


THEOREM 3: Suppose the capital market 
is perfect in the sense of Assumption I, the 
complete agreement assumption, Assumption 
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3, holds, the investment strategies of firms are 
given in the sense of Assumption 5, and As- 
sumptions 7 and 8 also hold. Then given a 
general equilibrium in the capital market at 
any time t: (a) The market value of a firm 
is unaffected by changes in its financing de- 
cisions; (b) the financing decisions of a firm 
are of no consequence to investors; that is, 
the firm's financing decisions do not affect 
what happens to any investor through time; 
and (c) the capital market is perfectly com- 
petitive in the sense that aggregate supplies 
and prices of different types of securities are 
unaffected by changes in the financing de- 
cisions of a firm. 


Consider first the case where debt is free 
of default risk or investors protect them- 
selves from one another with the me-first 
rules of Assumption 6. Suppose the capital 
market achieves a general equilibrium at 
time t and then, for whatever reason, some 
firm perturbs the equilibrium by changing 
its capital structure. 

In the original equilibrium, firms, includ- 
ing the firm that subsequently shifts, chose 
securities so as to maximize their market 
values at the original equilibrium values of 
security prices. This means that at the orig- 
inal prices, the new securities that the shift- 
ing firm issues had exactly the same market 
value as the securities it no longer issues. It 
also means that the market can achieve a 
“new” general equilibrium if other firms 
instantly respond to the disturbance of the 
initial equilibrium by exactly offsetting the 
change in the shifting firm’s capital struc- 
ture, and if the prices of securities remain at 
their old equilibrium values. When this 
happens, the market value of any firm is the 
same as it was in the old general equilib- 
rium, and firms have no further incentives 
to change their capital structures. In addi- 
tion, since debt is assumed to be either free 
of default risk or securities are protected 
by me-first rules, the wealths of individual 
investors are the same in the new general 
equilibrium as in the old. Since the aggre- 
gate supplies and prices of different secu- 
rities are unchanged, each investor can 
choose a portfolio identical to the one 
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chosen in the initial general equilibrium; 
just the names of the firms issuing particu- 
lar types of securities may be different. In 
short, with me-first rules and the perfectly 
competitive capital market produced by the 
offsetting financing decisions of other firms, 
investors are completely immunized from 
any effects of shifts in the financing deci- 
sions of any firm. 

The same analysis applies in the absence 
of me-first rules, once we understand the 
restrictions implied by the perfect substi- 
tutes Assumption 7. In particular, the fact 
that different firms issue securities at time 
t — 1 that are perfect substitutes does not 
imply that these firms make the same fi- 
nancing decisions at time t. However, if un- 
protected securities issued by different firms 
at t — | are perfect substitutes, any ex- 
propriations that take place at time t must 
be the same for all of these firms. It follows 
that if a firm issues unprotected securities at 
any time t — 1, the expropriations that-take 
place in any given state of the world at time 
t must be the same for all financing deci- 
sions that the firm might make in that state 
at t. 

Suppose now that time t comes along, the 
state of the world is known, firms make 
their financing decisions, and a general 
equilibrium set of securities prices and 
values of firms is determined. Some firm 
then perturbs the general equilibrium by 
shifting its capital structure. Given what 
was said above, even though the firm may 
have unprotected securities in its capital 
structure, the shift cannot cause expropria- 
tions of security holder positions beyond 
those associated with the firm’s original 
financing decisions at t. Thus, just as in the 
case where debt is risk free or securities are 
protected by me-first rules, the market can 
reattain a general equilibrium if other firms 
exactly offset the change in the shifting 
firm’s capital structure, leaving aggregate 
supplies and prices of different securities 
unchanged. Since no new expropriations 
take place, the wealths of investors are also 
unchanged, and each investor can choose a 
portfolio identical to the one chosen in the 
initial general equilibrium. 
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In the initial general equilibrium that fol- 
lows the occurrence of a state of the world 
at time t, the positions of a firm’s security 
holders are, of course, affected by any ex- 
propriative financing decisions. But in the 
world of the complete agreement Assump- 
tion 3, investors properly assessed the pos- 
sibilities for future expropriations when 
they decided to hold the firm’s securities at 
time t ~ 1, and these possibilities were 
properly reflected in the prices of the se- 
curities at t — 1. If the firm hadn’t issued 
these potentially expropriative securities, its 
security holders would have purchased per- 
fect substitutes from other firms. Thus the 
financing decisions of any firm are of no 
consequence to any investor in the sense 
that what happens to any investor through 
time happens irrespective of the financing 
decisions of any particular firm. 


VII. Some Perspective on Capital 
Structure Propositions 


Given a perfect capital market, and given 
the investment strategies of firms, there are 
two approaches that lead to the conclusions 
that the market value of a firm is unaffected 
by its financing decisions, and a firm’s fi- 
nancing decisions are of no consequence to 
its security holders. One approach is based 
on the assumption that investors and firms 
have equal access to the capital market. The 
other assumes that no firm offers securities 
to the market for which there are not per- 
fect substitutes from other firms. The fun- 
damental argument in both approaches is 
that, given the investment strategies of _ 
firms, there are mechanisms that insulate 
the opportunity set facing investors from 
any effects of the financing decisions of 
firms. With the equal access assumption, 
the offsetting actions that produce this re- 
sult can come from investors or firms, 
while in the perfect substitutes approach, 
changes in the financing decisions of a firm 
are offset by other firms. 

The types of capital structure proposi- 
tions obtained with the two approaches 
are somewhat different. With equal access 
one gets statements about the effects of the 
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- financing decisions of all firms. When in- 
vestors and firms have equal access to the 
capital market, then given the investment 
strategies of firms, the positions in firms 
that can be traded among investors are in- 
dependent of the financing decisions of 
firms. As a consequence, the characteristics 
of a general equilibrium in the capital mar- 
ket are unaffected by the financing deci- 
sions of firms. In contrast, with the perfect 
substitutes approach, only firms issue se- 
curities so one can’t conclude that the 
characteristics of a general equilibrium are 
independent of the financing decisions of all 
firms. One is limited to partial equilibrium 
statements about the irrelevance of the fi- 
nancing decisions of any individual firm. 

The analysis here goes beyond earlier 
treatments in several respects. First, al- 
though earlier approaches generally use 
both assumptions in one form or another, 
it is evident from the work of Stiglitz (1969, 
1974) that in an equal access market, the 
validity of the capital structure propositions 
does not also require the perfect substitutes 
assumption. However, Stiglitz argues that it 
is necessary to assume debt is risk free if the 
financing decisions of firms are to be a mat- 
ter of indifference to security holders. The 
analysis here shows that in an equal access 
market, even the me-first rules of F-M are 
unnecessary restrictions on the types of se- 
curities that can be issued. In essence, in an 
equal access market investors can and will 
choose the same positions, protected and 
unprotected, irrespective of the financing 
decisions of firms. Thus, the fact that firms 
might issue unprotected securities does not 
invalidate the proposition that the financing 
decisions of firms are a matter of indiffer- 
ence to investors. 

In a recent paper, Frank Milne argues 
that with the perfect substitutes assump- 
tion, the proposition that the market. value 
ofa firm is independent of its financing de- 
cisions does not also require the equal ac- 
cess assumption. However, Milne’s frame- 
work is less general than that examined 
here. First, he allows unrestricted short 
selling of all securities, an assumption close 
to equal access, To emphasize the power of 
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the perfect substitutes assumption, in the 
analysis presented here securities are only 
issued by firms. Second, Milne assumes that 
the capital market is perfectly competitive, 
whereas we show how the actions of firms 
lead to a world where the total supplies and 
prices of securities of different types are un- 
affected by the financing decisions of any 
individual firm. Showing how the existence 
of perfect substitutes leads to such a strong 
form of perfect competition seems a sub- 
stantial enrichment of the analysis. Finally, 
Milne works in a one-period context and 
investors do not come into the period al- 
ready holding the securities of firms. In this 
world, the analytical difficulties that arise 
from potential expropriations of security 
holder positions never have to be faced. In 
contrast, I analyze the capital structure 
propositions in a multiperiod framework 
where firms are allowed to issue unpro- 
tected securities. It is shown that with the 
strong form of perfect competition in the 
capital market that arises from the perfect 
substitutes assumption, the financial history 
of any investor, that is, the protected and 
unprotected portfolio positions that he 
takes through time, are unaffected by the 
financing decisions of any individual firm. 

Many have quarreled with the realism 
of the equal access assumption. (See, for ex- 
ample, the comments of David Durand on 
the Modigliani and Miller paper.) One can 
certainly also quarrel with the perfect sub- 
stitutes assumption. It would seem that if 
for any securities issued by a firm there are 
perfect substitutes issued by other firms, 
then either there exist risk classes of firms in 
the sense of Modigliani and Miller (that is, 
there are classes of firms wherein the net 
cash flows of different firms are perfectly 
correlated) or the markets for contingent 
claims discussed by Hirshleifer cover all 
possible future states of the world. The 
existence of such risk classes or of complete 
markets for contingent claims is question- 
able. 

In economics, however, formal proposi- 
tions never provide pictures of the world 
that are realistic in all their details. The role 
of such propositions is to pinpoint the fac- 
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tors that can lead to certain kinds of results. 
In this view, the analysis of capital structure 
propositions suggests two factors that push 
the capital market toward equilibria where 
the market values of firms are independent 
of their financing decisions, and where the 
financing decisions of firms are of no con- 
sequence to their security holders. The first 
factor covers any possibilities investors 
have to issue claims against the securities of 
firms that they hold. The second is the na- 
tural incentive of firms to provide the types 
of securities desired by investors, and the 
ability of firms to provide securities that are 
close substitutes for those of other firms. In 
pure form, and in combination with a per- 
fect capital market where contracts are 
costlessly written and enforced, either of 
these factors leads to irrelevance of capital 
structure propositions. In less pure form, 
but perhaps acting together, they are fac- 
tors that help to push the market in the di- 
rection of the capita! structure propositions. 


VIII. The Market Value Rule for 
Investment Decisions 


The previous sections discuss the financ- 
ing decisions of firms, given their invest- 
ment strategies, I turn now to problems that 
arise in determining an optimal investment 
strategy when the capital market is perfect 
and when a firm can affect the portfolio op- 
portunities facing its security holders only 
through the effects its investment decisions 
have on the wealths of its security holders. 
All other characteristics of portfolio oppor- 
tunities are assumed to be unaffected by the 
investment and financing decisions of the 
firm. 

Given that the investment decisions of a 
firm only affect the wealths of its security 
holders, the objectives of the security hold- 
ers are clear. More wealth is better than 
less. In chapter 4 of our book, however, 
Miller and I point out that the “maximize 
securityholder wealth” rule can be am- 
biguous when the firm has risky debt. The 
firm might be able to use its investment 
decisions to make its previously issued 
bonds more or less risky and so to shift 
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wealth from bondholders to stockholders or 
vice versa. One can easily construct ex- 
amples where the rules “maximize stock- 
holder wealth,” ‘maximize bondholder 
wealth,” and “maximize combined stock- 
holder-bondholder wealth” all lead to dif- 
ferent investment decisions. 


A. The Pressure of Possible Takeovers 


We can apply the argument of Ronald 
Coase to show that of the three market 
value rules, only the rule maximize com- 
bined stockholder-bondholder wealth is 
consistent with a stable capital market 
equilibrium. Note first that when the capital 
market is perfect and when the character- 
istics of portfolio opportunities are inde- 
pendent of the actions of any individual 
firm, there is nothing the firm can do with 
its investment decision at t to help or hurt 
investors who buy its securities at t. Thus it 
suffices to examine the effects of the firm’s 
investment decision at t on investors who 
have held its securities from t — 1. 

From equation (3), the combined wealth- 
at time t of the firm’s bonds and stocks out- 
standing from t — 1 is X(t) + V(t) — Kt). 
Since net cash earnings X(t) are assumed to 
result from past decisions, they are unaf- 
fected by the investment decision at t. Thus 
maximum combined  stockholder-bond- 
holder wealth implies maximizing V(t) — 
I(t), the excess of the market value of the 
firm at t over the investment outlays needed 
to generate that market value. 

Suppose the firm is controlled by its 
stockholders, and they choose the rule 
maximize stockholder wealth. It will pay 
for the firm’s bondholders to buy out the 
stockholders, paying them the value their 
shares would have under the rule maximize 
stockholder wealth. If the bondholders 
then maximize V(t) — I(t), we can see from 
(3) that their wealth is larger than if they 
had allowed the shareholders to proceed 
with the investment rule maximize stock- 
holder wealth. The same arguments apply, 
but with the roles of the stockholders and 
bondholders reversed, when the firm is 
initially controlled by its bondholders who 
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wish to follow the rule maximize bond- 
holder wealth. Alternatively, if the firm 
announces an investment rule other than 
“maximize V(t) — I(t),” it pays for out- 
siders to buy up the firm’s securities and 
then to switch to the rule maximize V(t) — 
I(t). The outsiders can even afford to pay a 
premium for the firm as long as it is no 
greater than the difference between the 
maximum value of V(t) — Z(t) and the 
value of V(t) — I(t) under the investment 
policy chosen by the firm. 


B. The Pressures Applied by the Market in 
its Capacity as Price Setter 


Potential takeovers are not the only pres- 
sure pushing the firm toward the investment 
rule maximize V(t) — I(t). In its role as 
price setter, the market has an additional 
way to motivate the firm to maximize the 
total wealth of its security holders. 

Consider the firm’s bondholders. When 
the firm issues bonds, the price of a given 
promised stream of payments depends on 
the investment strategy that the market per- 
ceives the firm to follow. If the firm in fact 
follows this strategy, the investment strat-. 
egy is of no consequence to the bondhold- 
ers. If they had the choice again, with the 
same uncertainties about the future, they 
would choose to hold the firm’s bonds or 
perfect substitutes for them. In a capital 
market where the investment and financing 
decisions of a firm do not affect the port- 
folio opportunities facing investors, such 
perfect substitutes exist or they can be 
created from the securities of other firms. 
Since the market for shares is likewise a 
market of perfect substitutes, given that a 
firm sticks to the investment strategy that 
investors perceive it to follow, the choice of 
Strategy is of no consequence to those who 
purchase its shares when it is an ongoing 
firm. In this situation, the choice of an in- 
vestment strategy by the firm affects only 
the firm’s original shareholders or organiz- 
ers, those who own the rights to its invest- 
ment opportunities before any securities 
are issued. 

Let us return, then, to the point, call it 


FAMA: INVESTMENT AND FINANCING 283 


time 0, when the firm is organized. The firm 
wishes to choose the investment strategy 
that maximizes the wealth of its organiz- 
ers. The wealth of the organizers is V(0) — 
1(0), the difference between the value of the 
firm and the investment outlays necessary 
at time 0 to generate that value. Thus the 
optimal investment decision at time 0 is to 
maximize V(0) — /(Q). 

The value of the firm V(0) depends also 
on the investment strategy the market 
thinks the firm will follow at time 1. Since 
the wealth at time 1 of securities outstand- 
ing from time 0 is X(1) + V(1) — J(1), the 
value of the firm at time 0 is just the mar- 
ket value at time 0 of the distribution of 
X(1) + VQ) — K1). The earnings YX(1) 
observed at time | are a consequence of the 
investment decision taken at time 0. In 
every possible state of the world at time 1, 
the policy “maximize V(1) — /(1)’ ob- 
viously produces as large a value of V(1) — 
7(1) as any other investment strategy. It 
follows that if the firm’s statements about 
investment policy are accepted by the mar- 
ket, the announcement at time 0 that the 
firm will maximize V(1) — /(1) at time 1 
maximizes the contribution of the invest- 
ment decision at time 1 to V(0) and thus to 
V(0) — 1(0). 

Since the market value of the firm at time 
l is just the market value of the distribution 
of X(2) + V(2) — (2), V(1) and thus 
V(1) — (1) depend in turn on the invest- 
ment strategy that will be followed at time 
2. Arguments analogous to those above 
imply that the announcement, at time 0, 
that the firm will maximize V(1) — /(1) at 
time | implies the announcement, at time 0, 
that it will maximize V(2) — /(2) at time 2. 
In short, to maximize V(0) — /(0), the 
wealth of its organizers at time 0, the firm 
must convince the market that its invest- 
ment strategy in each future period will 
likewise be maximize V(t) — I(t). If the 
firm sticks to this strategy, this means that 
at any time t it chooses the investment de- 
cisions that maximize the combined wealth 
of bonds and stocks outstanding from t — 1. 

Using the analysis of “agency costs” pro- 
vided by Michael Jensen and William 
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Meckling one can argue that the essence of 
the potential problems surrounding con- 
flicting stockholder-bondholder interests is 
that once time 0 passes it will be difficult 
for the stockholders to resist the tempta- 
tion to try to carry out an unexpected shift 
from the rule maximize V(t) — I(t) to the 
rule maximize stockholder wealth. But the 
market has the means to motivate firms to 
stay in line. To maximize V(0) — (0), the 
wealth of its organizers, the firm must con- 
vince the market that it will always follow 
the investment strategy maximize V(t) — 
I(t). The market realizes that the firm might 
later try to shift to another strategy and it 
will take this into account in setting V(0). 
To get the market to set V(0) at the value 
appropriate to the strategy maximize 
V(t) — I(t), the firm will have to find some 
way to guarantee that it will stay with this 
strategy. 

The important point is that the onus of 
providing this guarantee falls on the firm. 
In pricing a firm’s securities, a well-func- 
tioning market will, on average, appro- 
priately charge the firm in advance for future 
departures from currently declared decision 
rules. The firm can only avoid these dis- 
counts in the prices of its securities to the 
extent that it can provide concrete assur- 
ances of its forthrightness. Thus, firms have 
clear-cut incentives to evolve mechanisms to 
assure the market that statements of policy 
can be taken at face value, and they have 
incentives to provide these assurances at 
lowest possible cost. In a multiperiod world, 
this might not be sc difficult since firms con- 
tinually have opportunities to behave in 
ways that reinforce their credibility. 

Remember also that if the firm does not 
follow the strategy maximize V(t) — /(t), 
it pays for outsiders to acquire the firm and 
then switch to this strategy. The outsiders 
are then in the position of the firm’s or- 
ganizers. That is, the firm will not be priced 
at the value implied by the strategy maxi- 
mize V(t) — I(t) unless the market is con- 
vinced that the firm will adhere to this 
strategy in future periods. If other forms of 
assurance prove difficult or costly, one 
possibility is to finance the firm entirely 
with equity, or more generally, never to 
issue risky debt. Then the rules maximize 
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stockholder wealth and maximize V(t) — 
I(t) coincide. 
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Welfare Evaluation and the Cost-of-Living Index 
in the Household Production Model 


By ROBERT A. POLLAK* 


The household production model pro- 
vides a new framework for the theory of 
the household, and most applications have 
focused on its implications for market and 
nonmarket behavior. In this paper I exam- 
ine the consequences of the “new home 
economics” for welfare analysis, and in 
particular for the cost-of-living index. ` 

In the household production framework 
market “goods” are combined with time to 
produce “commodities.” These commodi- 
ties, rather than the market goods, are the 
arguments of the household’s preference 
ordering; the demand for goods and time is 
a “derived demand,” since goods are not 
desired for their own sake, but only as in- 
puts into the production of commodities.’ 
This paper is an analysis of the implications 
of the household production model for wel- 
fare evaluation, not a critique of the model. 
Hence, it accepts the fundamental distinc- 
tion between goods and commodities, and 
assumes that commodities as well as goods 


*University of Pennsylvania. This research was 
supported in part by the U.S. Bureau of Labor Sta- 
tistics and the National Science Foundation. I am 
grateful to Barbara Atrostic, Hugh Davies, W. E. 
Diewert, Stefano Fenoaltea, Franklin M. Fisher, 
Robert P. Inman, John Muellbauer, Stephen A. Ross, 
Paul J. Taubman, Jack E. Triplett, the managing 
editor, and an anonymous referee. Their helpful 
comments and suggestions have substantially im- 
proved this paper, but I have not always followed 
their advice and none of them should be held re- 
sponsible for the views expressed. 

\The locus classicus of the household production 
literature is Gary Becker. In Kelvin Lancaster’s model 
(1966a, b, 1971) goods possess “characteristics” which 
are often identified with Becker’s commodities and 
the “technology” is linear. Becker often uses fixed 
coefficient production functions as an expositional 
device, but linear technology is not an integral part 
of his model. For a recent sympathetic statement of 
the household production approach, see Robert 
Michael and Becker. For a discussion of some of its 
limitations, see the author and Michael Wachter. 
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are observable and measurable.” The dis- 
tinction between technology and tastes fol- 
lows unambiguously from that between 
goods and commodities. 

In orthodox demand theory the house- 
hold’s preference ordering is defined over 
the “goods space” and welfare analysis is 
based on those preferences. The cost-of- 
living index is defined as the ratio of the 
minimum expenditures required to attain a 
particular indifference curve of this prefer- 
ence ordering under two price regimes. In 
the household production model the pref- 
erence ordering over the commodity space 
provides a corresponding basis for welfare 
evaluation. One way to extend the notion 
of the cost-of-living index to the new frame- 
work is to define it as the ratio of the mini- 
mum expenditures required to attain a par- 
ticular indifference curve of this preference — 
ordering under alternative price-technology 
regimes. This approach recognizes that the 
objects of the household’s preferences are 
commodities rather than goods, and that 
both goods prices and the household’s tech- 
nology impose constraints on its choices; 
the resulting index, the “variable technol- 
ogy cost-of-living index,” refiects changes 
in both the technical and market con- 
straints facing the household. 

‘For some purposes we are interested in 
separating the welfare impact of price 
changes from that of changes in the house- 
hold’s technology. For example, to measure 
the effectiveness of monetary and fiscal 
policy we want a “price index” which re- 


2The knowledge that production is going on within 
the household is of no help if our observations are 
limited to its purchases of market goods. The author 
and Wachter emphasize that the assumption that com- 
modities are observable and measurable is crucial to 
exploiting the advantages of the household produc- 
tion model. 
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flects prices paid by the consumers but is 
independent of changes in household tech- 
nology. On the other hand, if we use a 
household production framework to ana- 
lyze the harm done by air pollution or the 
benefits of an outdoor recreation or child 
health project, we would want a measure 
which was independent of whatever price 
changes happen to have occurred. In all of 
these cases, we are concerned with ‘‘sub- 
indexes” which reflect some but not ail of 
the variables which affect the household’s 
welfare. Since measuring the welfare effect 
of price changes is the traditional concern 
of cost-of-living index theory, I shall em- 
phasize the “constant technology cost-of- 
living index,” an index which reflects only 
the effects of price changes, rather than the 
“constant price cost-of-living indexes” 
which reflect only technological and en- 
vironmental changes. The constant tech- 
nology index is defined as the ratio of the 
minimum expenditures required to attain a 
particular indifference curve under two price 
regimes when the household’s technology is 
held fixed. This index, unlike the variable 
technology index, exhibits all of the proper- 
ties familiar from traditional cost-of-living 
index theory. 

Complete information about preferences 
is usually not available and the develop- 
ment of indexes which can be calculated 
with less information and are bounds on 
exact indexes is a major part of traditional 
index number theory. In the household pro- 
duction framework, complete information 
about preferences and technology is un- 
likely to be available, so there is a similar 
need for indexes which are bounds on exact 
indexes. I shall define a number of Laspeyres- 
type indexes in the household production 
framework and examine their relations to 
various exact indexes. [ show that the 
“goods Laspeyres index”—defined in the 
obvious way—is an upper bound on the 
‘constant technology cost-of-living index. I 
define the “commodity Laspeyres index” in 
terms of the cost functions implied by the 
household’s technology as the ratio of the 
cost of producing the reference commodity 
bundle under the comparison price-tech- 
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nology regime to its cost under the refer- 
ence price-technology regime. This index is 
an upper bound on the variable technology 
cost-of-living index. If we not only know 
the household’s technology but also have 
additional information about tastes—in 
particular, if an income-consumption curve 
in the commodity space is known—then the 
shadow prices of commodities can be used 
to construct an index which is a better 
bound on the variable technology cost-of- 
living index than that provided by the com- 
modity Laspeyres index. 

The literature on welfare evaluation in 
the household production framework is 
sparse. John Muellbauer provides one of 
few explicit discussions of the cost-of-living 
index in the household production model as 
a foundation for his analysis of quality and 
hedonic indexes. The other major treatment 
is that of Franklin Fisher and Karl Shell. 
The scope of their paper is somewhat 
broader than is indicated by its title— 
“Taste and Quality Change in the Pure 
Theory of the True Cost-of-Living Index”— 
since théy sometimes use the phrase ‘‘qual- 
ity change” to refer to changes in the house- 
hold’s technology.’ Muellbauer adopts this 
unfortunate terminology which serves to 
confuse two important but logically distinct 
problems. In my article (1975b) I suggest 
that quality and quality change should be 
thought of in terms of “variety choice,” 
and discuss several formulations emphasiz- 
ing “characteristics.” The frequent identifi- 
cation of quality change with technical 
change may reflect the fact that both affect 
the welfare of households by altering the 
constraints which they face, yet neither is 
best thought of as a change in the price of 
a market good.’ This paper originated in 


3Fisher and Shell do not explicitly use the house- 
hold production model, but it is clear from their 
examples (for example, refrigerators, ice cream, home- 
refrigerated ice cream) that they sometimes have in 
mind situations involving household production. 

4In a model of variety choice, quality change may 
be treated as a change in the price of a market good, 
provided we treat the prices of unavailable goods as 
infinite. This formulation is of limited usefulness for 
empirically oriented work because most households 
consume only a small number of the varieties avail- 
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my dissatisfaction with the treatment of 
quality and quality change; specifically with 
attempts to justify it in terms of the house- 
hold production framework. Although the 
analysis which follows originated as a 
prolegomenon to the discussion of quality 
and hedonic indexes, it applies to the entire 
range of phenomena which can be treated 
in the household production framework. 

The organization of the paper is as fol- 
lows: Section I summarizes the traditional 
theory of the cost-of-living index. Section 
_ II introduces the household production 
model and analyzes the variable and con- 
stant technology indexes. Section III con- 
siders the “goods cost-of-living index” and 
Section IV discusses bounds on the various 
exact indexes. Section V extends the dis- 
cussion of bounds by showing that com- 
modity shadow prices may sometimes be 
used to obtain better bounds than those 
established in Section IV. Section VI is a 
brief summary. 


I. Traditional Theory 


In this section I summarize the tradi- 
tional theory of the cost-of-living index in 
its conventional setting: a model in which 
the goods the household purchases on the 
market are consumed directly rather than 
used as inputs in the production of com- 
modities. Special attention is paid to the 
treatment of taste change, since it is instruc- 
tive to contrast its treatment with that of 
technical progress in the household produc- 
tion framework. 

We denote the goods vector by X, the 
household’s preference ordering by R, and 
the corresponding utility function by V(X).° 
The cost-of-living index is the ratio of the 
expenditures required to attain a particular 
indifference curve under two price regimes. 
We denote the cost of living index by 





able. In my article (1975b) I discuss several “quality 
models” which avoid this difficulty by relying on 
characteristics. 

SAssume that the household’s preferences are well- 
behaved in the sense that they can be represented by 
a continuous utility function which is quasi concave 
and nondecreasing in its arguments. 
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E(P", X°, R) 
E(P?, X°, R) 


where E(P, X°, R) is the “expenditure func- 
tion,” that is, the minimum expenditure 
required to attain the indifference curve of 
the goods vector X° from the preference 
ordering R in price situation P.f The nota- 
tion emphasizes that the index depends not 
only on the “comparison prices” P*, and 
the “reference prices” P’, but also on the 
choice of a base indifference map or prefer- 
ence ordering R, and the specification of a 
base indifference curve from that map. 

The treatment of taste change in the cost- 
of-living index is often misunderstood, 
although careful expositions are presented 
in Fisher and Shell, and the author (1971). 
The cost-of-living index does not purport 
to measure or compare utilities or satisfac- 
tion actually attained in different periods or 


I(P*, P®, X°, R) = 


‘situations. Instead it compares two sets of 


constraints.’ To do this it considers a par- 
ticular preference ordering (R) and an in- 
difference curve (X°) from that ordering 
and asks: what is the ratio of the minimum 
expenditure required to attain the indiffer- 
ence curve X° of the preference ordering R 
in price situation P* to that required in 
price situation P’. If preferences are the 
same in both situations, it may seem ‘“‘na- 
tural” to use the common preference order- 
ing as the base for the cost-of-living index, 
although the theory does not require it.’ 


éI have identified the base indifference curve by 
specifying a goods vector X° which lies on it; re- 
placing X° by any other goods vector on the same 
indifference curve does not affect the expenditure 
function or the cost-of-living index. Instead of de- 
fining the expenditure function in terms of the weak 
preference relation R (at least as good as) we could 
equivalently begin with the utility function V(X) 
and specify the base indifference curve by requiring 
V(X) 2 V(x’). 

7For an alternative vicw based on comparing 
satisfaction actually attained in each situation and 
requiring the use of cardinal utility see Louis Phlips, 
ch. l1, and Phlips and Ricardo Sanz-Ferrer. 

8This may be more transparent in the case of in- 
ternational than intertemporal comparisons. For ex- 
ample, to compare prices in Paris with those in Tokyo, 
one might use French tastes or Japanese tastes; but 
if the U.S. government wants to establish appropriate 
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If preferences are different, then the need to 
choose a base preference ordering cannot 
be ignored. 

The Laspeyres index, J(P*, P, X*), is 
defined by 


J(P*, P®, X*) = ZE 
( ee 


where ¥* denotes the collection of goods 
bought in the reference situation.’ It is well- 
known that the Laspeyres index is an upper 
bound on the cost-of-living index based on 
the reference period tastes R’, evaluated at 
the reference period indifference curve X°: 
(P, P}, ye. R+). 


I. Variable and Constant Technology Indexes 


In this section I introduce the problem of 
welfare evaluation in the household produc- 
tion framework and define the variable and 
constant technology cest-of-living indexes. 

According to the household production 
view, the household purchases goods on the 
market and combines them with time in a 
household production process to produce 
commodities. These commodities, rather 
than the goods, are the arguments of the 
household’s preference ordering; market 
goods and time are not desired for their 
own sake, but only as inputs into the pro- 
duction of commodities. I shall ignore the 
role of time in the household production 
process, and treat the production of com- 





salary differentials for its diplomats, the comparison 
should presumably be based on U.S. tastes. In inter- 
temporal comparisons, the index may be based on any 
preference ordering; the choices are not restricted to 
reference and comparison period tastes. 

Throughout this paper I discuss the Laspeyres in- 
dex and leave the Paasche index to the reader. 

The goods vector X” plays a very different role 
in the Laspeyres index than it does in the cost-of- 
living index. In the cost-of-living index it specifies a 
particular indifference curve, and the replacement of 
X by another collection of goods on the same indif- 
ference curve does not alter the index. In the Laspeyres 
index it specifies a particular collection of goods, the 
‘collection actually bought in the reference situation. 
The fixed weight index constructed by replacing X $ by 
another collection of goods on the same indifference 
curve is not equal to the Laspeyres index and is not 
an upper baund on the cost-of-living index. 
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modities as depending only on market- 
goods.'' We denote the n market goods by 
X = (x,...,X,), the m commodities by 
Z = (z,...,2m), the household’s prefer- 
ence ordering over commodity vectors by R 
and the corresponding utility function by 
W(Z).'* The household’s technology is rep- 
resented by a production set T. Thus, the 
“output-input” vector (Z, X) e Tif and only 
if the commodity collection Z is producible 
from the goods collection X. Unless ex- 
plicitly stated to the contrary, constant re- 
turns to scale and/or the absence of joint 
production are not assumed, so there need 
not be a separate production function for 
each commodity. 

The “cost function” C(P, Z; T) is defined 
as the minimum cost of producing the com- 
modity bundle Z with the technology T at 
goods prices P. The notation explicitly rec- 


_ognizes the role of the underlying technol- 


ogy. Formally, 


DEFINITION: The cost function C(P,Z; 
T) is defined by 


C(P,Z;T) = min >> pixs 
k=l 


subject to (Z, X) e T 


Corresponding to the preference order- 
ing R and the technology T we define the 
expenditure function E(P, Z°, R,T) which 
shows the minimum expenditure required 
to attain the indifference curve of Z°. 


UI have ignored the role of time to avoid further 


complicating an already complicated notation. Time ~ 


can be incorporated into the household production 
model in a straightforward way if we are willing to 
treat it as a “market good” whose price is the wage 
rate. Indeed, the allocation of time was the principal 
focus of Becker’s seminal paper. The author and 
Wachter argue that joint production is likely to be 
pervasive when time plays a role in household pro- 
duction, and that joint production severely limits the 
usefulness of implicit, “commodity prices” for de- 
mand analysis. In Section V, I argue that if the 
household’s technology is known, commodity shadow 
prices can sometimes be used to obtain a useful bound 
on the cost-of-living index. 

12The household’s preferences over the commodity 
space are assumed to be well-behaved. 
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DEFINITION: The expenditure function 
E(P,Z°,R, T) is defined by 


E(P,Z°,R,T) = min C(P,Z;T) 
subject to ZRZ° 


If the household’s technology remains 
unchanged, the obvious extension of the 
cost-of-living index to the household pro- 
duction model defines the index as the ratio 
of the expenditures required to attain a 
particular indifference curve under the two 
price regimes. But if the “comparison tech- 
nology” T° differs from the “reference tech- 
nology” T*, there are two plausible ways to 
formulate the index. One allows the index 
to reflect both changes in technology and 
changes in goods prices, while the other 
holds technology fixed and allows the index 
to reflect only changes in goods prices. 
Both are interesting and useful, but they 
answer different questions. If our purpose is 
to compare the expenditures required to at- 
tain a particular standard of living under 
alternative price-technology regimes, then 
“ the variable technology cost-of-living index 
is appropriate. If we want to compare the 
prices of consumer goods in two periods, 
the constant technology cost-of-living in- 
dex is called for. Our first task is to set out 
these two indexes in a notation which 
makes it clear what the alternatives are. 


DEFINITION: The variable technology 
cost-of-living index I(P*, P®,Z°,R,T*,T*) 
is defined by 


AP PY 2 RT, Pye EZ RT) 
E(P*, Z°, R, TP) 
This index is the ratio of the minimum 
expenditure required to attain the indiffer- 
ence curve of Z° at prices P* with technol- 
ogy T”, to the minimum expenditure re- 
quired to attain the same indifference curve 
at prices P’ with technology T’. Hence, 


THEOREM 1: Let Z°(Z°*) denote the 
minimum cost commodity bundle which at- 
tains the indifference curve of Z° at prices 
P*(P*) and technology T*(T*). Then 
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CPS: VAi T*) 
CR ZL Ts 





I(P*, P?, Z°, R, T*, TÊ) = 


That is, the variable technology cost-of- 
living index can be written as the ratio of 
cost functions, provided they are evaluated 


_ at the “proper” points in the commodity 


space. . 
The variable technology cost-of-living 
index is not simply a “‘price index,” for it 
depends not only on how P* differs from 
P*, but also on how T” differs from T®. It 
is tempting to identify the technology T* 
with the price set P*, and T? with P*; for 
reasons which will become clear below, I 
have not incorporated these restrictions 
into the définition of the variable technol- 
ogy index. The technologies associated with 
P? and P* are of special interest and are 
denoted by T° and T°, respectively. 

. The variable technology cost-of-living 
index [(P*, P, Z°, R, T*, T’) yields a plaus- 
ible answer to a version of the ‘“cost-of- 
living” question in a household production 
model: it compares the reference con- 
straint—that corresponding to (P°, T°)— 
with the comparison constraint (P’, T°) 
by indicating the ratio of the expenditure 
needed to allow the household to attain the 
base indifference curve at prices P* with 
technology T” to that required at prices P* 
with technology 7°. Not surprisingly, this 
index does not satisfy all the theorems of 
traditional index number theory.” For ex- 
ample, if all prices rise by 5 percent, then 
the index need not rise by 5 percent, and it 
might even fall; its behavior depends not 
only on how prices change, but also on the 


‘change in technology from 7° to 7°. 


The constant technology cost-of-living 
index is a subindex of a complete cost-of- 
living index, namely, the variable technol- 
ogy cost-of-living index. In my article 
(1975a) I develop a theory of subindexes of 
the cost-of-living index; the discussion 
there is concerned with subindexes for sub- 
sets of goods (for example, clothing, foot- 
wear, men’s shoes), but the analysis can be 


l3See the author (1971) for a detailed statement of - 
these theorems. 


290 AMERICAN ECONOMIC REVIEW 


applied when any of the variables which 
appear in the utility function or any of the 
constraints facing the household are not 
explicitly taken into account (for example, 
leisure, environmental variables or goods 
provided by the government without user 
charges). The complete index reflects 
changes in all of the constraints which the 
household faces, while subindexes are con- 
cerned only with changes in a subset of the 
constraints—in the present case, with the 
market constraints but not with those im- 
posed by the household’s technology.” 

The constant technology cost-of-living 
index is defined in terms of a particular 
technology (perhaps T", perhaps 7°, per- 
haps same other) and thus is independent 
of any actual changes in the household’s 
technology. It is the ratio of the minimum 
expenditure required to attain the indiffer- 
ence curve of Z° at prices P® with technol- 
ogy T to that required at prices P’ with the 
same technology, T. Its most natural ap- 
plication is in comparing the reference con- 
straint (P’, 7°) with the hypothetical com- 
parison constraint such as (P*, T°). 


DEFINITION: The constant technology 
cost-of-living index {[(P%,P’,Z°,R,T) is 
defined by 
I(P*, P*,Z°,R,T) = 
[CRP ZR Tay Eee) 
E(P’, Z°, R,T) 
This index, unlike the variable technol- 
ogy cost-of-living index, satisfies all of the 
theorems of cost-of-living index theory. The 
index depends on the choice of a “base 
technology,” in much the same way that 
the traditional cost-of-living index depends 
on the choice of a base preference ordering, 
so it would not be correct to say that the in- 
dex is independent of technology. It is, 


'4Often we are interested in subindexes for groups 
of goods or groups of commodities. I discussed the 
construction of such subindexes in the household pro- 
duction framework in an appendix to an - earlier 
version of this paper which is available on request 
from the Office of Prices and Living Conditions, U.S. 
Bureau of Labor Statistics, Washington, D.C. 20212. 
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however, independent of changes in the 
technology in the same sense as the tradi- 
tional index is independent of changes in 
tastes; indeed, the treatment of technical 
change in the constant technology cost-of- 
living index is parallel to that of taste 
change in the traditional theory. 

If the variable technology cost-of-living 
index is evaluated at a single technology 
T" = TË = T, then it reduces to the con- 
stant technology index and satisfies all of 
the theorems of traditional cost-of-living 
index theory. If it is evaluated at a single 
set of prices P*? = P? = P, then it reduces 
to the constant price cost-of-living index, 
an index which measures changes in the 
household’s technology. This index ex- 
hibits a number of properties which are 
desirable in an index of technical change. 
For example, if the comparison technology 
is proportional to the reference technology 
(i.e., for all A > 0, (Z, AX) e T“ if and only 
if (Z, X) e T) then the index is equal to the 
factor of proportionality. The variable 
technology cost-of-living index can be de- 
composed into the product of a constant ` 
technology index and a constant price in- 
dex; indeed, the decomposition can be car- 
ried out in two distinct ways, one measur- 
ing technology holding prices fixed at P? 
and measuring prices holding technology 
fixed at T’, the other holding prices at P? 
and technology at T°." 


Il. The Goods Cost-of-Living Index 


The household’s preferences for com- 
modities and its technology can be used to 
define a preference ordering in the goods 
space. In this section I use this “goods pref- 
erence ordering” as a basis for welfare 
evaluation and the construction of a cost- 
of-living index—the “goods cost-of-living 
index.” Under certain circumstances we 


15There are also a number of properties of the 
variable technology index which do not depend on re- 
stricting prices or technology. For example: 
(P^, Pt, Z°, R, AT*, TÊ) = rI(P4, PH, Z°, R, 
Te, T8) and I(AP%, Pb, Z°, R, Te, TÊ) = 
M(P4, P$, Z°, R, T”, T). 
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may sensibly set out to construct this in- 
dex, while under others we may construct 
it inadvertently. In particular, the goods 
cost-of-living index is precisely the index 
we obtain if we estimate the goods prefer- 
ence ordering from observed market be- 
havior, and use the estimated preference 
ordering to construct a cost-of-living in- 
dex, failing to recognize that production is 
taking place within the household. Hence, 
the goods cost-of-living index is of substan- 
tial interest. 

The goods preference ordering R* is a 
derived preference ordering, since house- 
holds require goods only because goods can 
produce desired collections of commodi- 
ties; baskets of goods are evaluated in terms 
of the best collection of commodities they 
can produce. Formally, XR *X¥ if and only 
if there exists a Z such that (Z,X) « T and 
ZRZ for all Z such that (Z, X) e T. Hence, 
the goods preference ordering depends on 
the household’s technology as well as its 
tastes for commodities; if the reference and 
comparison technologies are different, they 
may imply different goods preference order- 
ings even though the household’s commod- 
ity preferences remain unchanged.'® 


l6To indicate explicitly the dependence of R* on R 
and T, we might write R*(R, T}. The convexity of 
R* does not follow from that of R unless we place fur- 
ther restrictions on the technology. In particular, if the 
production set T is convex, it is easy to show that the 
convexity of R implies the convexity of R*. With 
increasing returns the production set is not convex 
and it may be so nonconvex as to yield a goods pref- 
erence ordering which is not convex. For an example, 
see the author and Wachter, p. 262. The referee cor- 
- rectly points out that there exists a convex goods 
preference ordering which implies a demand cor- 
respondence which contains the demand correspond- 
ence generated by the example cited, namely, one 
whose indifference curves are parallel straight lines. 
We can define the “goods utility function” V(X; T) 
_ by V(X;T)= max W(Z) subject to (Z,X)€ T. 
That is, V (X; T) is the maximum value of the utility 
function W/(Z) which the household can attain from 
the goods collection ¥. The goods utility function is 
useful in discussing the demand functions for goods 
implied by the household production model, since 
maximizing it subject to the budget constraint 
= pkxķ =p yields the goods demand functions. If 
the goods preference ordering is convex these demand 
functions exhibit all the properties of conventional 
_ demand theory. 
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The goods cost-of-living index is the in- 
dex constructed on the basis of the prefer- 
ence ordering R*. We first define the 
“goods expenditure function” and then the 
“goods cost-of-living index.” 


DEFINITION: The goods expenditure 
function E*(P, X°, R*, T) is defined by 


a 
= min sy Xk Pk 
k=1 


E*(P,X°,R*,T) 


subject to XR*X° 


DEFINITION: The goods cost-of-living in- 
dex I*(P*, P?, X°, R*, T) is defined by 
*( pa o * 

1*(P*, P, X°, R*, T) = E AORN 
E*(P’,X°,R*,T) 

It follows from the definition of the 
goods preference ordering that E(P, Z°, 
R,T) = E*(P,X°,R*,T) where (Z°, X°) e 
T and Z° RZ for all Z such that (Z, X°) e T; 
that is, Z° is the highest indifference curve 
in the commodity space obtainable from 
the goods vector X°.” Substituting 
E(P, Z°, R, T) for E*(P, X°, R*, T) in the 
definition of the goods cost-of-living index 
implies that it is equal to the constant tech- 
nology cost-of-living index. Formally, 


THEOREM 2: The goods cost-of-living in- 
dex is equal to the constant technology cost- 
of-living index: 
I*(P°, P’, X°, R*, T) = I(P°, P’, Z°, R,T) 
where Z° corresponds to X° in the sense that 
(Z°, X°)« T and Z° RZ for all Z such that 
(Z, X°) ¢ T. 


We can also write the variable technol- 
ogy cost-of-living index as the ratio of ex- 
penditure functions based on goods utility 
functions, but such a ratio is not a cost-of- 
living index corresponding to a goods pref- 
erence ordering, since the expenditure func- 


17This equality also holds when Z° is replaced 
by any Z on the indifference curve of Z°, or when 
X’ is replaced by any X¥ on the indifference curve of 
x°. 
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tions in the numerator and denominator 
correspond to different preference orderings 
in the goods space. 

The goods preference ordering is a useful 
construct if we realize that household pro- 
duction is going on behind the scenes, and 
are satisfied with the constant technology 
cost-of-living index. If, however, we fail to 
recognize that production is taking place 
within the household and treat the goods 
preference ordering as the household’s true 
preferences, then we may be misled by the 
goods cost-of-living index. The difficulty 


is that the goods preference ordering re- 


flects all changes—whether in the house- 
hold’s technology or in its commodity 
preference ordering—as changes in the 
goods preference ordering. Hence, when the 
comparison technology is superior to the 
reference technology, using the goods index 
instead of the variable technology index 
overstates the change in the cost of living." 
The result is a natural one: an improvement 
in technology reduces the variable tech- 
nology cost-of-living index; but the goods 
index is equivalent to a constant technol- 
ogy index, which by definition does not 
reflect the improvement in technology. 
Thus, with technical progress the goods 
index misrepresents the welfare position of 
the household and the compensation re- 
quired to enable it to maintain a particular 
standard of living.” 


'18Suppose the household’s technology improves so 
that the expenditure required to attain any particular 
indifference curve of the commodity preference or- 
dering using the comparison technology is less than 
the expenditure required using the reference tech- 
nology. Then E(P, Z°, R, T9) < E(P, Z°, R, T°). 
Hence, 

a o a 
1(P’, P, Z°,R, TS T’) = EG 2 R, T ) 
E(P*, Z°, R,T”) 
a y0 b 
< ER =T (P5, PÈ, X°, R*, T°) 
E(P}, Z°, R, T°) 
where Z° corresponds to X° in the sense that Z°RZ 
for all Z such that (Z, X°) € T. Similarly, I(P°, P?, 
Z°, R, T°, T°) < T(P%, PË, X°. R*, TŽ) where Z° 
corresponés to X°. 

19Fisher and Shell, p. 104, reach essentially the same 
conclusion in their discussion of ‘quality change” 
(read, “technical progress”) and “taste change” (fo- 
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IV. Bounds on Exact Indexes 


Bounds on cost-of-living indexes are im- 
portant because we usually do not have 
enough information to construct exact in- 
dexes. In this section and the next I discuss 
upper bounds on exact indexes in the 
household production framework.” Instead 
of organizing the discussion of bounding 
indexes in terms of the exact indexes to 
which they correspond, I have focused on 
the information needed to construct them. 

In the conventional framework, the 
Laspeyres index is an upper bound on the 
cost-of-living index?! The Laspeyres index 
exhibits three important characteristics: 
(i) it is a fixed weight index defined as the 
ratio of the costs of base quantities in the 
reference and comparison situations; (ii) the 
only information about preferences used to 
construct it is inferred from the fact that the 
base quantities were chosen in the reference 
situation; and (iii) it is an upper bound on 
the exact cost-of-living index. When we go 
from the conventional framework to the 
household production model there are two 
Laspeyres-type indexes which exhibit these 
characteristics. One of these, the “goods 
Laspeyres index,” is the ratio of the costs 
of a particular collection of market goods: 
the other, the “commodity Laspeyres in- 
dex,” is the ratio of the costs of a particular 
collection of commodities. 

Since inadequate information provides 
the motivation for constructing bounds on 
exact indexes, it is useful to recognize a 
spectrum of cases of information avail- 
ability. At one pole we have full or com- 
plete information about the household’s 
tastes and technology, so that we can con- 
struct exact indexes.” At the other pole, 





cusing on the goods cost-of-living index) without 
formally introducing the machinery of the household 
production model. 

20The analysis of lower bounds is left to the reader, 

21A precise statement is given in Section I. 

221f we are only interested in constructing the exact 
index corresponding to a given Z °, then we need to 
know only the indifference curve of Z ° not the entire 
indifference map. Similarly, if we are only interested 
in the index comparing P^ and P’, we need not know _ 
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“extreme ignorance,” we know only the’ 


prices in the reference and comparison 
situations. In this case, we can conclude 
that the exact index is bounded above by 
the largest percentage price increase; further- 
more, this is the “best bound” which can 
be established given the limited information 
available.” Between these poles are a spec- 
trum of intermediate cases. The closest 
analogue of the traditional Laspeyres case 
is one in which we know nothing about the 
household’s tastes or technology beyond 
what we can infer from the goods collection 
it purchased in the reference situation; that 
is, we have no information about house- 
hold production which may or may not be 
going on behind the scenes. Using only 
information about the goods collection pur- 
chased in the reference situation, I define 
the goods Laspeyres index. 


DEFINITION: The goods Laspeyres index 
J(P*, P’, X?) is defined by 


TPs, P, X*) = $, xtpt/ 2 xtpt 

kel k=l 
where X° is the collection of goods the 
household purchased when facing prices 
Pt with technology T° and income pê. 


A version of the usual Laspeyres bound- 
ing theorem holds and follows directly from 
the type of argument used to establish the 
Laspeyres bounding theorem without 
household production. 


THEOREM 3: The goods Laspeyres index 
` is an upper bound on the constant technology 
cost-of-living index: 
1(P*, P®,X°,R°,T*) s J(P*, Pt, X’) 
where X° is the collection of goods which 
permits the household to attain the indiffer- 





the entire technology or cost function, but only the 
values of the cost function corresponding to P4 and 
Pe, 

23See the author (1971, sec. 4) for a discussion of 
best bounds and the preference orderings to which 
they correspond in the traditional framework. 
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ence curve of X’ with minimum expenditure 
when facing goods prices P* with technol- 
ogy T°. 


The requirement that the index is based 
on the technology of T°, the technology 
corresponding to P’, is crucial to this re- 
sult. This condition augments but does not 
replace the traditional Laspeyres stipula- 
tion that the cost-of-living index is based on 
R’ and evaluated at X°.* 

Another intermediate position between 
the polar cases of complete information and 
extreme ignorance is one in which technol- 
ogy is known but tastes are not.” This is an 
especially attractive assumption because the 
usefulness of the household production 
model is substantially enhanced when we 
can observe both goods and commodities 
and infer the household’s technology from 
these observations. When our observations 
are limited to the household’s purchases of 
market goods and we never observe the 
commodities it produces with them, the 
household production model is indistin- 
guishable from the conventional theory of 
household behavior, even if we have enough 
data on household purchases of market 
goods to enable us to infer the goods de- 
mand functions and the goods preference 
ordering.” 

If we know the household’s technology, 
and if we know the commodity collection 
the household chose in the reference situa- 


24This bounding theorem does not depend on the 
convexity of the goods preference ordering. 

25The goods Laspeyres index does not permit us to 
draw any conclusions about the variable technology 
cost-of-living index, but if we also know that the 
comparison technology “dominates” the reference 
technology—in the sense that any collection of com- 
modities can be produced with the comparison tech- 
nology using no more inputs than were required by 
the reference technology—then the goods cost-of- 
living index is also an upper bound on the variable 
technology cost-of-living index. 

26We could also consider the intermediate case in 
which tastes are known and technology is not, but 
such a case is less likely and therefore less in- 
teresting. 

27See the author and Wachter for a discussion of 
this point. 
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tion, then we can construct the commodity 
Laspeyres index. 


DEFINITION: The commodity Laspeyres 
index J(P*,P’,Z°,T*,T°) is defined by 
a b. pa 
J(P*, P?, Zz’, T$, T’) Z ae Z x. 

C(P’,Z°;T’) 

This is a Laspeyres-type index in the 
sense that it is based on a fixed commodity 
consumption pattern Z’; it can be calcu- 
lated without knowledge of the household’s 
tastes (beyond what can be inferred from 
the fact that Z’? was chosen in the reference 
situation), but it does require knowledge of 
the technology. The index reflects changes 
in the minimum cost of producing the fixed 
commodity bundle Z’, and knowledge of 
the household’s technology is needed to cal- 
culate the cost-minimizing input combina- 
tions in different price-technology situa- 
tions. Like the Laspeyres index, it does not 
allow for changes in the commodity con- 
sumption pattern induced by such changes. 
The usual Laspeyres argument shows that 
it is an upper bound on the variable tech- 
nology cost-of-living index. 


THEOREM 4: The commodity Laspeyres 
index is an upper bound on the variable 
technology cost-of-living index: 


A(P*, P®,Z°,R°,T*,T’} S 
APP TT) 


where Z° is the collection of commodities 
consumed in the price-technology-expendi- 
ture situation (P*, T°, p°). 


V. The Role of Implicit Commodity Prices 


“Implicit commodity prices” play a 
major role in the household production 
literature. In this section I examine their 
usefulness in welfare evaluation and the 
construction of cost-of-living indexes. I 
argue that they have no real role to play 
in the construction of exact indexes, al- 
though there are some important special 
cases (for example, constant returns to- 
gether with the absence of joint production) 
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in which exact indexes can be written in 
terms of implicit commodity prices. But 
implicit commodity prices can play a major 
role in the construction of bounds. In par- 
ticular, if the household’s technology is 
known, and if the income-consumption 
curve in the commodity space correspond- 
ing to the comparison price-technology 
situation is known, then commodity 
shadow prices can be used to establish a 
better bound on the variable technology 
index than that provided by the commod- 
ity Laspeyres index. 

The implicit or shadow price of a com- 
modity is its marginal cost. Formally, 


DEFINITION: The implicit price of com- 
modity r, x,(P, Z; T), is defined by” 


ae OCUPL ZiT) 
a(P,Z;T) = Sa ae 

In general, implicit commodity prices de- 
pend not only on the household’s tech- 
nology and goods prices, but also on the 
quantities of all commodities consumed by 
the household (see the author and Wachter 
and W. E. Diewert, sec. 7). Implicit com- 
modity prices are independent of the par- 
ticular collection of commodities consumed 
by the household (and thus independent of 
the household’s tastes) if and only if the 
technology exhibits constant returns to 
scale and no joint production.” In this case 
we can write the cost function as 


C(P,Z;T) = >, C(P,1;T)z; 
te] 


where C’(P,z,;T) is the cost function as- 
sociated with the production of commodity 
r; implicit commodity prices are equal to 
the unit cost functions, C’(P, 1; T). 

The commodity price cost-of-living index 
is defined by imagining that the household 


281f the cost function is not differentiable at a par- 
ticular point, implicit commodity prices are undefined 
there. 

29A proof can be found in the author and Wachter 
where it is argued that this is the only case in which 
implicit commodity prices are useful explanatory 
variables in demand analysis. 
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purchases commodities instead of produc- 
ing them, and that it is a price taker in the 
market for commodities. To emphasize the 
distinction between the implicit commodity 
prices r(P, Z; T), defined as the partial de- 
rivatives of the cost function, and the pre- 
determined commodity prices used to de- 
fine the commodity price cost-of-living 
index, we denote the latter by 7. We begin 
by defining the commodity price expendi- 
ture function. 


DEFINITION: The commodity price ex- 
penditure function E**(x, Z°, R) is defined 
by 


E**(#,Z°,R) = min >, z7, 
t=l 


subject to ZRZ° 


DEFINITION: The commodity price cost- 
of-living index I**(#*, #°, Z°, R) is defined 
by 


1°*@4,79,2",R) - EZR) 
E**(#",Z°, R) 

The commodity price cost-of-living index 
is defined without reference to goods prices 
or the household’s technology; it begins 
with commodity prices, which it takes as 
given. The resulting index satisfies all of the 
theorems of traditional cost-of-living index 
theory, where the prices referred to in the 
theorems are understood to be the prede- 
termined commodity prices, 7. 

If the household’s technology exhibits 
constant returns to scale and no joint 
production, then implicit commodity prices 
are uniquely determined by goods prices 
and the household’s technology, and the 


. cost function can be written in terms of im- 


plicit commodity prices as C(P,Z;T) = 
En P; T)z. 

It is easy to verify that in this case the 
variable technology cost-of-living index co- 
incides with the commodity price cost-of- 
living index when commodity prices are 
evaluated at corresponding price-tech- 
nology situations. That is, under constant 
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returns to scale and no joint production” 


I** (T4, T, Z°, R) = 1(P*, P?, Z°, R, T", T°) 
T(P"; T*) 
a(P?; TP) 


where 74 
and rË 


It 


We now turn to the role of commodity 
prices in calculating bounding indexes. I 
first show that it is sometimes possible to 
write the commodity Laspeyres index in 
terms of implicit commodity prices, even 
when the variable technology index cannot 
be rewritten in this way. This result is of 
limited interest, however, because it is dif- 
ficult to imagine circumstances under which 
we would know commodity shadow prices 


30The case of constant returns to scale and no joint 
production is not the only one in which the commod- 
ity price cost-of-living index coincides with the 
variable technology index. Muellbauer shows that even 
with joint production, they coincide when the refer- 
ence and comparison technologies are homogeneous 
of the same degree. But in this case, the implicit 
commodity price formulation is no more transparent 
than the cost function-expenditure function formula- 
tion of Section II. Note that to calculate the exact 
index, implicit commodity prices in the numerator 
(denominator) must be evaluated at Z«(Zb#), the 
least cost commodity basket which attains the in- 
difference curve of Z° at prices P®(p®) with tech- 
nology T7@(7*). Muellbauer suggests that the com- 
modity shadow price formulation requires less 
information than the cost-expenditure approach, but I 
do not find his position persuasive. He assumes that 
implicit commodity prices of the reference and com- 
parison situations are known or observable, while the 
household’s technology is not. But if we knew the im- 
plicit commodity price functions, we could find the as- 
sociated cost functions and from them the entire 
technology. Mueilbauer assumes that we do not know 
the implicit commodity price functions, but only the 
value of these functions at the points (P*, Z9; T°) and 
(PŁ, Zb; TH). However, he does little to motivate his 
assumptions about information. Since implicit com- 
modity prices are not directly observable, they must 
be calculated using estimates of the parameters of 
the household’s technology. Once a functional form 
for the technology is specified, its parameters can be 
estimated from observations on inputs and outputs 
or on outputs and cost. The parameter estimates 
can then be used to calculate not only commodity 
shadow prices at Muellbauer’s points, but the im- 
plicit commodity prices corresponding to any con- 
figuration of goods prices and commodity outputs. 
Estimating the parameters of the household’s tech- 
nology is a prerequisite to calculating commodity 
shadow prices. 
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but not have enough information to con- 
struct the commodity Laspeyres index. I 
then show that if we have some’ additional 
information about tastes it may be pos- 
sible to use implicit commodity prices to 
construct a better bound on the variable 
technology index than that provided by the 
commodity Laspeyres index. 

I begin by defining a family of commod- 
ity Laspeyres indexes. 


DEFINITION: The commodity price Las- 
peyres index J ** (t^, m”, Z°) is defined by 
D>, zine 


J** (a4? Z’) = tel 
m 

b 8B 

Deiat 
t=] 


I describe this as a family of indexes 
rather than a single index because its in- 
terpretation and usefulness depend on the 
further specification of the commodity 
prices; in particular, I do not require 
r(t”) to be the commodity prices cor- 
responding to the comparison (reference) 
price-technology-consumption situation. 
When Z* is the collection of commodities 
which attains the indifference curve of Z’ at 
minimum cost when evaluated at the com- 
modity prices z”, then the commodity price 
Laspeyres index is an upper bound on the 
commodity price cost-of-living index: 
I** (a, n”, Z?, R) S J** (r4, x”, Z’). This 
follows from the usual Laspeyres argu- 
ment, but the result is of limited interest 
because the two indexes treat commodity 
prices as exogenous. 

In certain cases it is possible to rewrite 
the commodity Laspeyres index in terms of 
implicit commodity prices. In particular, 
suppose we have no information about 
preferences beyond what can be inferred 
from the commodity bundle chosen in the 
reference situation, but that the household’s 
reference and comparison technologies are 
known and the implied cost functions sat- 
isfy the differential equation C(P, Z; T) = 
y(Z)Zz,0C,(P, Z; T)/az, where y(Z) is 
the same for both technologies. Then the 
commodity price Laspeyres index is equal 
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to the commodity Laspeyres index and, 
hence, is an upper bound on the variable 
technology cost-of-living index 

I(P°, P®,Z°,R®,T%,T’) < 


J(P*, P, Zt, T", T°) = J**(a4, x *, ZP) 


where implicit commodity prices are eval- 
uated at m^ = r(P°, Z; T") and z” = 
n(P*,Z°; T°). This result depends on the 
fact that the y(Z)’s cancel when the cost 
functions in the numerator and denomina- 
tor are evaluated at the same value of Z. 
For example, consider any pair of tech- 
nologies which can be viewed as two-stage 
processes in which at the first stage market 
goods are transformed into a single ho- 
mogeneous output q, according to a con- 
stant returns to scale technology, and, at 
the second stage the homogeneous output 
is used to produce commodities. Processes 
of this type imply cost functions of the 
form C(P,Z;T) = ¥(P;T)¢(Z;T) where 
W(P;T) is the unit cost function corre- 
sponding to the first-stage technology and 
q =.¢(Z;T) implicitly defines the second- 
stage. If the second-stage processes are 
identical for the reference and comparison 
technologies, then 6(Z; T*) = $(Z; T’) = 
(Z) and the cost functions are of the re- 
quired form.” 

Neither of the bounding indexes just de- 
scribed yields a better bound on the exact 
indexes than could be obtained without im- 
plicit commodity prices; they are merely 
restatements in terms of commodity 
shadow prices of results obtained in Section 
IV. I now show that it is sometimes pos- 
sible to use implicit commodity prices in 
conjunction with some additional informa- 
tion to obtain better results. In particular, 
we can improve on the commodity Las- 
peyres index if, in addition to knowing the 


3!This result is a substantial generalization of a 
theorem of Muellbauer. Muellbauer’s “consistency 
condition,” p. 983, which he contends is necessary if 
the commodity price Laspeyres index is to make sense, 
is unduly strong, and it is not satisfied by the two- 
stage technology described above. Unfortunately, this 
result is only interesting when we know implicit com- 
modity prices but not the household’s technology. 
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` household’s technology, we also know the 
income-consumption curve in the com- 
modity space corresponding to the com- 
parison price-technology situation (P’, T°). 
It is assumed that preferences are convex 
and are the same in both situations. , 
The bounding argument combines two 
observations: first, if a commodity collec- 
tion Z* lies on a higher indifference curve 
than Z’, then giving the household enough 
income to produce Z* will at least com- 
pensate it for any price or technological 
changes which have taken place. Second, 
suppose that preferences are convex and 
that Z* is chosen from a feasible set; if Z’ 
lies on the “pseudo budget set” defined by 
the hyperplane tangent to the feasible set at 
Z*, then Z* is “implicitly revealed pre- 
ferred” to Z°. This is substantially stronger 
than the obvious revealed preference as- 
sertion that if Z* is chosen from a feasible 
set, then it is at least as good as any bundle 
in the feasible set. A stronger conclusion 
(stronger, at least, when the feasible set is 
convex) is possible when preferences are 
convex and the boundary of the feasible set 
is not a hyperplane. With convex prefer- 
ences, a “pseudo budget line” tangent to 
the feasible set at the chosen bundle is also 
tangent to the indifference curve at this 
bundle, so the chosen bundle is at least as 
good as every bundle in the pseudo budget 
set.” In particular, if Z’ lies in the pseudo 
budget set corresponding to Z*, then the 
variable technology cost-of-living index 
must be less than C(P*,Z*;7°)/ 
C(P*,Z*; T°). Whether or not this is a 
better bound than that implied by the com- 
modity Laspeyres index depends on the 
location of Z* relative to Z°. However, if 
the technology is strictly convex and Z* 
happens to lie on the pseudo budget line 
corresponding to Z*, then this will be a 
better bound than the commodity 


321f the boundary of the feasible set is itself a 
hyperplane (as it is with constant returns and no joint 
production), then the pseudo. budget set coincides 
with the feasible set. But if the feasible set is strictly 
convex, then the pseudo budget set permits us to 
identify some commodity bundles which were not in 
the feasible set as being no better than Z9, 
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Z2 





FIGURE | 


Laspeyres index.*>* 


If we know the income-consumption path 
in the commodity space corresponding to 
(P°, T°), then we can use the above argu- 
ment systematically to bound the variable 
technology cost-of-living index. The pro- 
cedure works by finding a commodity 
bundle Z“* on the income-consumption 
path of (P°, T°) such that Z’ lies on the 
boundary of the pseudo budget set cor- 
responding to that commodity bundle. The 
commodity Laspeyres index reflects the cost 
of the feasible set whose boundary passes 
through Z? (see Figure 1). 

Formally, let Z°* be a point on the in- 
come-consumption path corresponding to 
(P’, T", u°*). Then there is a shadow price 
system {w,(P*,Z°*;7°)} associated with 
this point, and we define “implicit ex- 
penditure,” @(P’, Z°*; T°) by a(P%, Z2°*; 
T’) = 22zi*x,(P*, Z**; T"). By the previous 
argument, Z“* is at least as good as all Z 
in the pseudo budget set defined by 
Zz,0,(P*%, Z**; T°) < p(P*%, Z*; T°). Let 
S(Z°*) denote the set of all Z** such that 
De (P, Z°*;, T9) Be Z°*; T°). 
Then Z°*RZ? for all Z°* Œ S(Z*) and 


33Provided Z* and Z? are distinct. 

34In the traditional framework without household 
production the boundary of the feasible set is a hyper- 
plane, and knowing the collection of goods purchased 
in the comparison price-income situation, or even the 
entire income-consumption curve, does not enable us 
to improve on the Laspeyres bound. 
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C(P*,Z%*:T%) < C(P*,Z*:T*) for all 
Z** © S(Z°). Hence,*** 


C(P*, Z%*; T°) 


TOP? P?, Z}, R, T°, TË) Ss 
( ) CUP’ Z}, T?) 


VI. Conclusion 


The evaluation of welfare and the con- 
struction of a cost-of-living index in the 
household production framework require a 
careful specification of the alternative situa- 
tions being compared. The variable tech- 
nology cost-of-living index measures the 
total effect on the household of changes in 
goods prices and changes in its technology; 
the constant technology index is inde- 
pendent of changes in the household’s tech- 
nology and reflects only changes in goods 


35Muellbzuer, pp. 985-86, argues that if the house- 
hold’s preferences are homothetic and identical in 
the reference and comparison situations, and the 
household’s technology in both periods exhibits con- 
stant returns to scale, then the variable technology 
cost-of-living index is bounded by the commodity 
price Laspeyres index where +4 = a(P%, Z9; T°) and 
x8 = x(P4,Z5: 7%). This result follows from the 
general procedure just described. Under his assump- 
tions, the income-consumption path corresponding 
to (P%, T4) is a ray from the origin, and hence a 
single commodity bundle on the path identifies the 
entire path. With constant returns to scale, implicit 
commodity prices are constant along such a ray and 
implicit expenditure at a point on the income- 
consumption path is equal to the cost of that com- 
modity bundle. 

361f we know the commodity bundle purchased in 
the comparison situation, (P9, 7,27), but not the 
entire income-consumption curve, we may still be able 
to establish a better bound on the variable tech- 
nology cost-of-living index than that provided by the 
commodity Laspeyres. A prerequisite, however, is that 
Z lie in the pseudo budget set corresponding to Z?. If 
this condition is satisfied, we can infer that C(P2, 
Z4; T2)/C( P+, Z5,T4) = p*/p> is an upper bound 
on the variable technology index. Of course 
C(P4, Z4; T7) need not be smaller than C(P4, Zt; T9), 
-so this need not be a better bound than the com- 
modity Laspeyres index. Our general conclusion is 
that—provided Z® lies in the pseudo budget set of 
Z4—the variable technology index is bounded above 
by the minimum of 44/n* and the commodity 
Laspeyres index. If we also know additional points 
on the inccme-consumption curve corresponding to 
(P*, T°), we can use them in the same way to attempt 
to improve on the commodity Laspeyres index. 
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prices. The first three sections of this paper 
discussed exact cost-of-living indexes under 
the assumption that the household’s tastes 
and technology were known. Bounds on 
exact indexes are important because this 
complete information is usually not avail- 
able. When neither the household’s tastes 
nor its technology is known, we can calcu- 
late the goods Laspeyres index which is an 
upper bound on the constant technology 
index. When the technology is known but 
tastes are not, we can calculate the com- 
modity Laspeyres index which is an upper 
bound on the variable technology index. 
When both the technology and the expan- 
sion path corresponding to the comparison 
price-technology regime are known, we can 
calculate commodity shadow prices and 
use them to construct a Laspeyres-type in- 
dex which provides a better bound on the 
variable technology index than the com- 
modity Laspeyres index. 

Striking similarities exist between the 
cost-of-living index in the household pro- 
duction framework and two other gen- 
eralizations of the cost-of-living index from 
its traditional setting. Both subindexes of 
the cost-of-living index (see the author, 
1975a, and Charles Blackorby and Robert 
Russell) and the “social cost-of-living index” 
based on a Bergson-Samuelson social wel- 
fare function (see the author, 1976), like 
household production indexes, involve two- 
stage maximization.” In the household 
production framework, one stage cor- 
responds to the household’s technology and 
the other to its tastes; with subindexes, 
the two stages reflect the household’s 
preferences for goods within each group 
and for aggregates of goods; and with social 
cost-of-living indexes, one represents the 
household’s preferences and the other the 
social preferences expressed by the Bergson- 
Samuelson social welfare function. In all 
three, alternative assumptions about the in- 


37In Blackorby and Russell separability of the ex- 
penditure function is a prerequisite for defining sub- 
indexes, In the author (1975a), subindexes are defined 
without assuming separability, but they are better 
behaved when the direct utility function is separable. 


1 
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. formation available for index construction 
permit the development of a variety of 
indexes which bound the exact index. 
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Uncertain Externalities, Liability Rules, 
and Resource Allocation 


By PETER H. GREENWOOD AND CHARLES A. INGENE* 


The rich literature on the economics of 
externalities has been confined to the anal- 
ysis of what we term certainty—perfect 
knowledge of the impact an action taken 
by one economic unit will have on another 
unit. The burden of these studies has been 
that “*... if market transactions were cost- 
less, all that matters (questions of equity 
apart) is that the rights of the various par- 
ties should be well-defined and the results of 
of legal actions easy to forecast’ (Ronald 
Coase, p. 19), since ‘‘... the affected parties 
might engage in bargaining and attempt to 
arrange a solution between themselves” 
(Otto Davis and Andrew Whinston, p. 113). 
So long as negotiations (market transac- 
tions) are costless, the allocation of re- 
sources at the conclusion of the bargaining 
process is socially optimal because it has the 
same characteristics as the equilibrium posi- 
tion attained by a merger of the affected 
parties into a single firm which fully in- 
ternalizes externalities. This powerful con- 
clusion, independence from the assignment 
of liability by the legal system (questions of 
equity apart), has come to be called the 
“Coase Theorem.” 

We extend the results of our precursors 
by analyzing an uncertain distribution of 
externalities, postulating a situation in 
which one firm’s activities affect another 
firm in a random fashion. The existence of 
this uncertainty is sufficient to cause any 
firm facing it to modify its behavior in a 
subtle but significant manner: maximization 
is of the expected utility from profit rather 


* Assistant professor of resaurce economics, Univer- 
sity of New Hampshire; and assistant professor of 
economics, University of Oklahoma, respectively. We 
are grateful to G. Borts, R. Dacey, and an anonymous 
referee for their helpful comments. None of them are 
sufficiently risk preferring to wish to share responsi- 
bility for an article which will have an uncertain recep- 
tion; thus, common law allocates liability for remain- 
ing errors to the authors. f 
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than of profit itself. This response to an 
inevitably risky situation enables the firm 
to incorporate into its maximization prob- 
lem both the distribution of the externality 
and its own attitude toward risk. 

We demonstrate that given uncertainty, 
the allocation of resources may not be in- 
dependent of legal liability; thus, the out- 
comes of bargaining and of merger may not 
coincide. Outcomes independent of liability 
and the equivalence of bargaining and 
merger are dependent both upon the exis- 
tence of a stock market in which risk may 
be shared and upon the absence of indivis- 
ibilities in wealth. Although the traditional 
conclusions under certainty are correct and 
are contained within our model as a special 
case, in an uncertain world the Coase 
Theorem is valid only with the more strin- 
gent assumptions stated above. 

In Section I we establish our mathemati- 
cal model, a Taylor series expansion of the 
expected utility from profit, and use it to 
discuss the result of a merger by the in- 
volved parties. The series leads to the Pratt- 
Arrow measure of absolute risk aversion. 
We show that the equilibrium position 
“fully” internalizes the externality; but, the 
definition of fully may be dependent upon 
the risk attitude of whoever controls the 
merged firm. We also discuss the fact that a 
dominant shareholder or an autonomous 
manager may prevent the complete spread- 
ing of risk through a stock market. 

The second section deals with legally 
permissible, uncompensated externalities. 
The affected firm will then approach the 
polluter in a costless “private bribery mar- 
ket” to seek an alteration-in the level of the 
externality creating output.! The polluter 


For ease of exposition, we will discuss only a nega- 
tive externality; our mathematics is perfectly general, 
however. We do assume that pollution and output are 
directly related in order to avoid the complication of 
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will comply so long as the usual, profit- 
maximizing, marginal conditions are met. 
At the completion of the bargaining process 
there will be no gains from trade to further 
bargaining; the achieved optimum will re- 
flect the risk attitude of the firm which is 
effectively responsible for damages. We also 
show that a risk preferrer and a risk averter 
demand different levels of output reduction 
in the bribery market. In Section III the 
polluter is held legally responsible; the re- 
sults parallel those in Section H, with the 
polluter’s risk attitude incorporated into the 
equilibrium conditions. 

In Section IV we show that the govern- 
ment, by use of lump sum or per unit taxes 
(subsidies), can alter the allocation of re- 
sources; therefore, it can correct any 
bribery market failure which it perceives. 
A per unit tax (subsidy) is shown to possess 
an “income effect” and a “substitution ef- 
fect” upon output levels whereas a lump 
sum tax (subsidy) has an income effect only. 
We state our conclusions in Section V. In 
the Appendix, Section A, we investigate the 
sensitivity of the equilibrium output levels 
to shifts in the probability distribution of 

- damages. In-particular, we examine an ad- 
ditive shift of the mean, a multiplicative 
shift of the variance, and a proportional 
shift of all moments. Each has an income 
effect on output levels that is akin to the 
effect on output of a change in fixed costs. 
In addition, the last case has a substitution 
effect. The sign of the change in output 
levels is shown to be related to whether risk 
aversion is increasing, invariant, or decreas- 
ing with wealth. In the Appendix, Section 
B, we develop a market which permits the 
sharing of risk between the polluter and the 
pollutee, and show that in the absence of a 
market for perfect risk sharing, the Coase 
Theorem does not hold. 


I. Pareto Optimality 


Consider a pair of firms, A and B, which 
are ineluctably linked via an externality 
generated by A, randomly impacting upon 





inferior factors which Charles Plott has noted. Our 
model can be extended to incorporate such factors. 
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B. A neoclassical example of a (negative) 
externality is a factory which pollutes the 
air; this ‘“‘side-product” harms a nearby 
washerwoman; the degree of damage is de- 
pendent upon imperfectly predictable 
climatic conditions. 

Firm A’s profits are a function of its own 
output and a set of known parameters, 
simply written as H (Q). We assume II to be 
a continuous, twice-differentiable function 
with a unique maximum. Firm B’s profits 
are a function of the outputs of both firms, 
written as w(Q,q). Uncertainty is intro- 
duced by allowing the impact of Q upon r 
to vary stochastically. The a is distributed 
as (7, v), where 7 is the expected value of m 
and v is the variance of profits about the 
mean.” For expositional ease we will treat 
the externality as negative; the mathematics 
imposes no such constraint. Both firms are 
regarded as price takers in all markets; they 
need not be perfect competitors. 

A generally accepted economic doctrine 
is that full internalization of the externality 
is necessary if Pareto optimality is to ob- 
tain. The (conceptually) simplest method of 
accomplishing this is a merger of A and B. 
However, even this merged firm cannot 
know a priori the exact effect its output de- 
cisions will have on profits; it must consider 
myriad possibilities, weighting them on the 
basis of their likelihood and desirability. 
Thus, the merged firm will maximize its ex- 
pected utility of profits. 

We utilize a Taylor series to describe the 
utility function.>* While the series may be 


2We assume that there exists a known relationship 
between Q and a physical measure of “pollution at the 
smokestack” which is independent of the state of 
nature. Uncertainty occurs as “pollution enters the 
air.” Both v and v are functions of Q and q. 

3Otto Loistl has shown that this assumption is not 
as innocent as it appears at first blush. However, 
Kenneth Arrow has argued that for a utility function 
to satisfy the von Neumann-Morgenstern axioms it 
must be bounded from above. A Taylor series expan- 
sion of such a utility function will converge to the 
function; therefore, our use of a Taylor series is legiti- 
mate. Note that truncating the series at, say, the 
fourth-order term would complicate our mathematics 
without materially affecting the results. 

4To avoid the possibility of cyclical majorities, de- 
cisions are made by an individual. At this time the 
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expanded about any arbitrary values, wise 
choices ought to lead to an economically 
enlightening conclusion. We believe such 
numbers to be H* and 7#*. They are the 
optimal level of profits from part A and the 
optimal level of expected profits from part 
B of the merged firm. We start by expand- 
ing the utility of profits: 


(1) u + 7) = u(-) + uA — O*) 
+ (a — #*)} + (1/2)u"(- {LE — 1*)? 
+ AU — I*)(9 — #*) + (m — 2*)?} + 0 


Primes denote derivatives, (-) = (II* + 7*), 
and 0®) denotes terms of order 3 and above. 
We truncate the series by treating 0° as 
negligible. Retention of the remainder 
would complicate the analysis without af- 
fecting its essential components. Take the 
expected value of (1), noting that the vari- 
ance is defined as E[(a — #)*] = E[x?] — 7? 
and that the expansion of u(Il + 7) about 
Il* and z* (rather than u(II + r) about 
II* and #*, as in equation (1)) is very simi- 
lar to (1). It follows that the expected value 
of (1) may be expressed as 


(2) Elui + w)] = u + F) + (1/2)u"(-)v 


In (2), (1/2)u"(-) is a specific number while 
vyand u({II + F) are functions of both Q and 


The merged firm will maximize (2) by 
setting the partial derivatives to zero 
(throughout this paper we assume that 
second-order conditions are satisfied): 


(3a) 

u' (I + (Ig + Tg) + (1/2)u"(-)vg = 0 
(3b) u’(Il + EXT) + (1/2)u"(-)v, = 0 

a subscript denotes the partial derivative 
with respect to the argument (i.e., 9I1/aQ@ = 


Ho). When equations (3) hold, I = II* 
and # = #*,so we may rewrite (3) as: 





(4a) Ig + ig = 





decision maker is the manager of part B, the expan- 
sion is of his utility function. 


AMERICAN ECONOMIC REVIEW 


JUNE 1978 





(4b) #, =- 


where r(-) is the Pratt-Arrow measure’ of 
absolute risk aversion evaluated at profit 
level (-). Since profit is a “good,” u’(-) > 0. 
The sign of u"(-) defines the attitude to- 
wards risk. If it is positive the firm is a risk 


preferrer; if zero, the firm is risk neutral. . 


Risk aversion is defined as u”(-) < 0. Ob- 
viously, r(-) is of the opposite sign from 
u"(-). 

The firm chooses the output combination 
{Q*,q*} which satisfies equations (4). Thus, 
it sets its marginal profit from each type of 
output (net of damages) equal to one-half 
r(-) times the rate of change of the variance 
of m with respect to output.® Call (1/2)r(-)v;, 
i = Q, q, the firm’s adjusted risk attitude. 
If in equilibrium v; = 0, the firm’s inclina- 
tion towards risk is irrelevant; it acts as if it 
were an expected profit maximizer. This can 
occur if v has a maximal value, if the ran- 
domness of x is unrelated to output (known 
as system uncertainty), or if the variance 
itself is zero. Thus, the traditional analysis 
of certainty is contained within our model 
as a special case. 

Because equations (4) reflect the utility 
function of the decision maker, we ask if 
output levels are dependent upon whoever 
controls the corporation. In particular, if 
the manager of part A were elevated to 
control, his measure of absolute risk aver- 
sion R(-) would replace r(-) in equations 
(4). Does R(-) =7(-)? A further question 
concerns nationalization, or at least govern- 
mental intervention: what is S(-), society’s 
attitude towards risk? If S(-) = R(-), r(-), 
society may wish to intervene in the alloca- 
tive process. 

Arrow and Robert Lind argue that if the 
profits of the (merged) firm are statistically 
independent of other components of na- 
tional income, if there is no corporate in- 


5See Arrow or John Pratt. 

SIf Q or q is zero, v = 0. Thus both vg and v, must 
be positive over some output range; this is Hayne Le- 
land’s “principle of increasing uncertainty.” However, 
saturation levels of pollution may be reached, thus 
vgand v, may become nonpositive at sufficiently high 
output levels. 
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come tax, if there are a large number of 
shareholders (each holding a small portion 
of his wealth in this firm), and “... if 
managers were acting in the interest of the 
firm’s shareholders, they would essentially 
ignore risks ...” (p. 376). Thus, r(-) = 0 = 
R(-). They also argue that the government 
should act in the same manner (S(-) = 0). 
Clearly, if the Arrow-Lind assumptions 
hold we have certainty equivalence and the 
Coase Theorem always holds. 

However, indivisibilities may negate 
these results. An autonomous manager who 
receives a significant segment of his income 
from the firm will obey his own, not the 
market’s, risk measure, Similarly, if “... in 
order to control the firm, some shareholder 
[holds] a large block of stock which is a 
significant component of his wealth” 
(Arrow-Lind, p. 376), the firm should use 
his, not the market’s, risk measure. With 
indivisibilities, corporate control matters. 
The externality will always be fully in- 
ternalized, although the sense of fully will 
not always be the same. Society may then 
wish to intervene to obtain a Pareto optimal 
resource allocation. 

Prior to discussing potential govern- 
mental intervention, we investigate liability 
rules under which the independent firms A 
and B may bargain privately to lessen the 
impact of the externality. Before bargaining 
can occur, “[I]t is necessary to know 
whether the damaging business is liable or 
not for damage caused since without the 
establishment of this initial delimitation of 
rights there can be no market transactions 
to transfer and recombine them” (Coase, 


p. 8). 
II. Legally Permissible Pollution 


Consider the case of a legal system freely 
granting the right of unlimited generation 
of an externality to firm A. Firm B is in- 
jured by the externality and, therefore, has 
cause to seek an improvement in its own 
situation.’ While protective measures such 


7TWere A’s production to create a positive externality, 
B would be interested in obtaining an expansion of A’s 
output; the formal analysis would be the same. 
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as physical movement of its plant or altera- 
tion of its productive process to a less af- 
fectable technology are possibilities, they 
will not concern us here. We are interested 
in the extent to which the two firms may 
bargain to their mutual advantage—firm B 
by obtaining a profitable reduction in Q 
and firm A by profitably reducing its own 
output. 

For every unit reduction in Q, firm B’s 
profits rise; it follows that B must be willing 
to pay some sum of money, not exceeding 
its marginal profit gain, to obtain a unit 
reduction in Q. In fact, B must have a de- 
mand curve for a reduction in Q, a curve 
which measures the marginal benefit to B 
of such a reduction. If the loss to B rises at 
an increasing rate with added units of A’s 
output, the demand curve will have the 
usual negative slope. In contrast, firm A 
will agree to reduce its own output if its 
marginal profit loss is compensated by a 
payment from B. Firm A possesses a sup- 
ply curve for the reduction of its output 
which is exactly its own marginal foregone 
profit curve. If A’s profits increase at a de- 
creasing rate, its supply curve will have a 
positive slope. 

The intersection of supply and demand 
curves® defines the optimal level of reduc- 
tion in output from Q, firm A’s output in 
the absence of communications between the 
firms.’ The intersection does not neces- 
sarily define the optimum from society’s 
view; society may prefer a different inter- 
section, for the demand curve incorporates 
B’s adjusted risk attitude, an attitude which 
may not coincide with society’s. 

We utilize a neoclassical analysis to de- 
termine the supply curve, the demand curve 
and their intersection, the latter a point 
which possesses the characteristic that all 
possible gains from trade have been ex- 
hausted. In short, we treat both firms as 
price takers in the bribery market. 


8Ken-Ichi Inada and Koyoshi Kuga have shown the 
conditions under which there is no intersection, or no 
unique intersection. 

90 is defined by Ig = 0, gg < 0, since A is a 
riskless profit maximizer who ignores the impact Q has 
on B. 
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Following the tradition established by 
Coase, we assume that transactions between 
the firms are costless. Barring obtuseness by 
the managers, bargaining will continue so 
long as there are gains from trade to be 
realized. We determine the reduction in Q 
as a result of bargaining: an allocational 
issue. The actual division of the gains is a 
distributional question which does not con- 
cern us, although it may be of interest in its 
own right. 

Firm A’s supply function of Q reduction 
is unaffected by the uncertain impact its 
output has on B. From A’s view, all rele- 
vant parameters are known in advance of 
the production decision, including the 
bribery payments it receives. Thus, A maxi- 
mizes its augmented profit function II(Q) + 
P(Q — @) where P is the per unit bribery 
payment and (Ô — Q) is the level of output 
reduction. 

Firm B continues to confront uncer- 
tainty. What it has done in the bribery mar- 
ket is buv a certain reduction in Q and an 
expected reduction in damages. Firm B 
maximizes its expected utility from post- 
bribery profits, found by a Taylor series 
expansion about 7*, {P(Q — Q)}* (the 
latter term is the optimal bribe). 


(5) Elu(a)] = ule — PO - Q)) 
+ (1/2)u"te* — {PO - Q)}*]v 


Firm A’s supply function in the bribery 
market is 


(6a) lp- P=0 


Marginal profits from increased output are 
balanced against marginal gain from re- 
duced output. For B: 


(6b) P + žo = (1/2)rl+]vg 
(6c) #, = (1/2)r[*]y, 


The latter equation is the standard equilib- 
rium condition: set marginal profits from q 
equal to the adjusted risk attitude. The 
former equation says that B’s adjusted risk 
attitude should equal the net marginal 
profit from a reduction in Q (composed of 
two parts: the cost of buying the reduction 
and the savings as a result of the purchase). 
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Firm B’s demand curve is (6b) given that 
(6c) holds.!° 

Combining equations (6) gives the output 
levels in a world where pollution is per- 
missible and firms may bargain costlessly: 


(7a) Ig + To = (1/2)r[-lvg 
(7b) Ta = (1/2)r[-]v, 


The effect of imposing legal liability on B 
is to impose B’s adjusted risk attitude on 
the equilibrium. While these results are 
similar to those in a merger controlled by 
B, r[-] is evaluated at a different wealth 
level. Does this effect the output levels? 


THEOREM: The Coase Theorem is not 
valid in an uncertain world if the legally 
liable firm is controlled by a dominant share- 
holder or an autonomous manager. 


PROOF: 

Assume (4) and (7) are identical and de- 
fine {Q*, q*}. All objective values (7,, 79, 
Ilo, #*,¥g,¥,) are identical in both sets of 
equations. Thus, r[#* — {P(Q — Q)}*] = 
r(Ii* + w*); but, H* > 0 while —{P- 
(Q — Q)}* < 0. Since the risk function is 
monotonic in wealth, r[-] = r(-) and (7) 
cannot define {Q*,q*}.!! Of course, if the 
Arrow-Lind assumptions stated in Section I 
hold, the Coase Theorem is valid under 
uncertainty.!? 


'0Demand is a function of r[-] and, therefore, of 
B’s wealth level. A fortiori, demand is dependent on 
the bargaining process chosen; the total gains from 
trade are not independent of their distribution. 

11Two brief comments are in order: 1) It is not 
clear that either (4) or (7) define a first best Pareto op- 
timal allocation since we have precluded the possibility 
of risk sharing. 2) In the event of a merger one would 
expect that B would compensate A. When compensa- 
tion is paid (4) and (7) may define the same allocation 
by coincidence. ` 

12An alternative approach to the stock market, pro- 
posed by Franco Modigliani and Merton Miller, as- 
signs firms to risk classes, Jan Mossin has shown that a 
firm’s risk class is -C ) jk, where C is “. . . the same 
for all companies and can be given an interpretation as 
market risk aversion” (p. 753). The term ),,0;, is the 
sum of the covariances of profit of company j with all 
other companies, including itself (i.¢., its variance). If 
the firm’s manager takes his risk attitude from the 
market (r = -C Do, o;,), the optima defined by equa- 





VOL. 68 NO. 3 


Within the bribery market, the position 
of B’s demand curve is affected by its ad- 
justed risk attitude. If this is zero (cer- 
tainty equivalence) the supply-demand 
intersection occurs at a particular price- 
reduction combination. In contrast, a risk- 
averse firm will obtain more reduction at a 
higher price if vg is positive, but less reduc- 
tion at a lower price if vg is negative. The 
reason for this latter case is that extra Q 
lessens the variance of profits, an event 
which the risk-averse firm finds attractive. 
Correspondingly, if vg > 0, a risk preferrer 
will demand a smaller reduction and offer a 
lower per unit bribe than a risk-neutral 
firm." The risk preferrer is a “tougher bar- 
gainer” because it perceives itself as having 
less to gain from trade—in fact, if B is a 
sufficiently strong preferrer of risk, there 
will be no gains from trade available to 
anyone.'* Notice that if there are potential 
gains from trade available, they will gen- 
erally be divided between the firms. Both 
firms have market power—the power to 
block an agreement is the power to obtain 
part of the gains, There is absolutely no 
validity to the naive view expressed by 
James Marchand and Keith Russell that 
because B is (effectively) liable, A obtains 
all the gains from trade. 





tions (4) and (7) are identical given the present for- 
mulation of the problem. That society’s risk attitude 
should be the same as the private risk attitude for this 
risk class has been shown by Agnar Sandmo. How- 
ever, a slight reformulation of our problem will cause 
the optima of (4) and 7) to diverge. Write A’s profits 
as II(Q) + e; € ~ (0,07), so that ée = 0 = eg. (This 
construction of A’s profit function will leave its first- 
order maximization conditions unaffected.) Let the 
covariance of A’s and &’s profits be zero with respect 
to all other firms in the market. Then the merged firm 
has as its risk attitude ~C(o2 + v + COV (r, I1)). 
When pollution is legally permissible, the market as- 
signs it to the risk class ~C(v + COV (r, I1)). Firm B 
does not take cognizance of the system uncertainty 
which confronts A; thus, B has a different risk class 
than does the merged firm and equations (4) and (7) 
are not identical. 
BYra Horowitz, p. 367, reaches a similar conclusion 
for a related problem. 
l4If B is an extreme risk preferrer, the supply and 
demand curves intersect to the left of the vertical axis. 
_Firm B demands an increase in Q. 
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III. Pollution not Permissible 
without Compensation 


Suppose the legal system permits firm A 
to befoul the environment to some limit at 
no penalty but requires that a firm harmed 
by excessive pollution be fully compen- 
sated for its lost profits. If the legal limit is 
effective—if A exceeds the limit in the 
presence of penalties—and if B’s profits 
rise with its own output ceteris paribus, 
then A’s legally mandated damage pay- 
ments to B are positively related to g. Firm 
A has dual incentives: to lower its own out- 
put and to persuade B to lessen its produc- 
tion; both events will improve A’s profits. 

While reduction of Q is an internal mat- 
ter, reduction of g requires the cooperation 
of B. Firm B is always willing to curtail its 
production if it is amply rewarded; its 
minimal supply price is its relinquished 
marginal profits. If-B’s profits increase at a 
decreasing rate with additional g, B’s sup- 
ply of reduced output will have a positive 
slope. Firm A will demand an output re- 
duction of g so long as it can buy the reduc- 
tion for no more than its maximal demand 
price. This is the marginal decrease in its 
legally mandated “‘excessive pollution” pay- 
ment; therefore, A’s demand curve is a 
marginal benefit curve. It will have a nega- 
tive slope if, as q is curtailed, there is a 
greater profit reduction for firm B at lower 
(more acceptable) pollution levels than at 
higher ones. 

Once again, the intersection of the supply 
and demand curves in the bribery market 
will define the optimum from the viewpoint 
of the involved parties. We utilize a neo- 
classical pricing approach to define the in- 
tersection and to distribute the gains from 
trade, treating the firms as price takers in 
the bribery market. Reduction occurs from 
the level 7, the amount of output produced 
by B in the absence of interfirm negotiation 
but in the presence of the legally mandated 
payments. 

Firm A’s profit is given by 


(8) 
T(Q) — [#(M,q) — (Q,4)] — pÀ - 9) 
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where p(ĝ — q) is the bribe paid; its level 
is determined by costless negotiation prior 
to production. Firm A’s profit from its own 
output (IL(Q)) is also known a priori. The 
legally mandated damage payment to B— 
the bracketed term—is known only after 
the fact. Thus, A confronts uncertainty. 
Firm B is guaranteed the difference between 
(a) the expected level of its own profits 
when Q = M(M > 0), the output creating 
the mandated level of expected external- 
ities, and (b) the actual level of its profits. 
Notice that when the state of nature retards 
pollution, r(Q,q) rises and damage pay- 
ments fall. Firm A, not B, benefits from a 
favorable state of nature; A, of course, will 
maximize its expected utility from net 
profits. 

Firm &’s guaranteed profits are 7(Q,q) + 
[7(M,q) — 7(Q,q)] + piĝ — 9) = 7(M,q) + 
PG — q); B no longer confronts uncer- 
tainty. In effect, the legal system causes A 
to insure B against risk. Firm B’s supply 
curve is 
(9a) Tam — B= 0 
where #4; 4 = 0%(M,q)/dq. A’s first-order 
conditions, found after utilizing a Taylor 
series to expand the expected utility of (8) 
about Il*, #*, #*(M,q), {pĝ — q)\*, are 


(9b) Wg + Fp = (1/2)R[- lvo 
(9c), p = (1/2)R[+]¥, + (aim — 7a) 


Firm B’s supply of reduced output (9a) 
is defined by the condition that marginal 
bribery gain equal marginal profit loss. 
Equations (9b) and (9c) define A’s demand 
curve. The former says that marginal profits 
from Q, net of external damage to B, 
should equal A’s adjusted risk attitude. The 
latter sets the marginal bribery cost p equal 


15B could refuse to bargain with A, produce the 
(then optimal) output level 7. and sue A for damages 
done: damages which are related to Q, g, and the state 
of nature known to have prevailed when production 
occurred. Firm B rejects this avenue because its total 
profits {# (M, 9)| from the lawsuit would be less than 
those it can obtain by bargaining. Notice that if Q < 
M in the absence of negotiations, or if To > 0, we 
belong in Section II. 
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to the adjusted risk attitude plus the mar- 
ginal legal required expected damage pay- 
ment. Combining equations (9) yields a set 
which characterizes the equilibrium posi- 
tion: 


(10a) Ig + Fe = (I/ÐRE lvo 
(10b) #, = (1/2)R[-]y, 


These are identical to the Pareto optimal 
conditions (4) only under the same restric- 
tions given for equations (7) in Section II. 

We have shown that the assignment of li- 
ability for externalities may be of conse- 
quence. The final allocation of resources is 
dependent upon liability rules when there is 
uncertainty as to the state of nature and 
when indivisibilities preclude the complete 
sharing of risk. 


IV. Social Intervention and 
Pareto Optimality 


Suppose costless negotiation does not 
lead to the optimum defined by equations 
(4). In addition to the reasons stated above, 
“... if one accepts the proposition that the 
state is more than a collection of individuals 
and has an existence and interests apart 
from those of its individual members, then 
it follows that government policy need not 
reflect individual preferences” (Arrow- 
Lind, p. 365). Thus, the government may 
wish to intervene even if equations (7) 
and/or (10) define {Q*,g*}. Second best 
questions aside, can the government im- 
prove (in its view) the allocation of re- 
sources? The answer is yes; per unit and/or 
lump sum taxes (or subsidies) may be 
utilized. 

To economize on space, we investigate 
only the case of permissible pollution, We 
start by stating a set of simplifying assump- 
tions. They are not crucial to the analysis. 
Let S(-) = 0, r{-) > 0, and the Principle 
of Increasing Uncertainty hold (i.e., v; > 0). 
The optimum is defined as Ilo + wg = 0 = 
T,- Let there be a tax T per unit of output 
Q levied on firm A and another tax £ per 
unit of output g levied on firm B. Bargain- 
ing still occurs. Profits for firms A and B, 
respectively, are 


ae 
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(lla) 
(11b) 


(Q) + P(O - Q) - TE 
z(Q,4) - P(Ô - Q) - q 


Firm B continues to confront uncertainty; 
thus, it continues to maximize its expected 
utility of profits. First-order conditions are 
now: 


(12a) Io -P-T=0 
(12b) e+ P- (1/2)rf-}vg = 
(12c) #,—t — (1/2)r{-}v, = 0 


where {-} = {#* — [P(Q — Q)I* — (1q)*}. 
Note that T is not independent of P. While 
we treat P as parametric for ease of pre- 
sentation, it is in practice determined by 
negotiation. Thus, when establishing tax/ 
subsidy levels, the government must con- 
sider its own impact upon the bargaining 
process, Equations (12) combine to form 


(13a) Ig + # = (1/2)r{-}vg + T 
(13b) Fa = (1/2)r{-}v, + t 


The optimal tax levels are T = —(1/2)r 
{-}vg < Oand t = —(1/2)r{-}v, < 0; the 
optimal taxes are subsidies because firm B 
is more risk averse than society." 

There are three points of interest here. 
First, apart from questions of income dis- 
tribution, —TQ could be replace by 
+T(Q — Q). The effect on the shadow 
price of the marginal unit of Q is what mat- 
ters and it would be unaltered. Second, 
-TQ (or +T(Ô — Q)) could appear in 
(ilb) instead of (lla); equations (13) 
would be of the same form although the 
value of r{-} would in general change. 
Third, neither T nor ¢ can be set equal to 
the right-hand side of equations (7) because 
nonzero taxes have an effect upon the 
wealth level at which r{-} is evaluated. This 
final point can be seen by taking the total 
derivative of (12b) and (12c) and rearrang- 
ing terms. We obtain 


l6There would be a positive tax if society were the 
more risk averse, Note that if Yo > 0 and Vg < 0, 
society would be in the peculiar position of subsidiz- 
ing the polluting output and taxing the output of q. 
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t 2D D 
ðq _ 9" elo, — Leo) , Loe 
I): iges 2D +p 


where 7’ is the rate of change of the Pratt- 
Arrow measure of absolute risk aversion 
due to a change in wealth; L,, < 0, Log < 0, 
D = LooL,, — Lb, > 0, all from second- 
order conditions; and P is parametric. 

Equations (14) may be expressed more 
simply as: 


dQ: ð L 
(15a) og =q ag — 2a 

ðt of D 

ðq ôq Log 
15b ag a pe 
oe) ia IF TD 


where (0Q/df) and (dq/daf) are the effect 
on output levels of a change in fixed costs." 
Their signs are dependent upon whether the 
firm’s risk attitude is increasing, invariant, 
or decreasing in wealth (r’ 2 0) and upon 
the value of the parenthetical term in (14). 
If Lo > 0, our earlier assumptions with 
the second-order conditions guarantee that 
(8Q/df) and (aq/df) are of the same sign 
as r'. However, if Lo, < 0, we cannot in 
general determine the effect a change in 
wealth has upon output. Now, from equa- 
tions (15), we see that a change in the per 
unit subsidy (from, say, zero) has a dual im- 
pact upon output levels. The first is the in- 
come effect: q times a pure wealth effect; 
the second is a substitution effect which is 
negative for (ðq /ðt) and of uncertain sign 
for (@Q/dt). Note that a lump sum tax has 
a pure wealth effect on output levels since it 
is equivaient to a change in fixed costs. 
Consider now an impediment to bargain- 
ing which prevents any interfirm negotia- 
tions. Then P = 0 in equations (11) and 
(12a), while (12b) does not “exist” because 


17They are obtained by explicitly considering fixed 
costs f, by writing profits as (Q, q)—/f, and totally 
differentiating the first-order conditions. The effect of 
f on the first-order conditions occurs only in the 
wealth level at which r[-] is evaluated. 

825,=0 is not guaranteed by an additively 
séparable profit function. 
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Q is not a choice variable for firm B. The 
government can still create an optimal al- 
location of resources by setting T = -Tọ 
andi = —(1/2)r{-}v_, (+) = fe* — (cg). 
The first point mentioned in association with 
equations (13) remains valid, as does the 
third. The second no longer holds due to 
the lack of communication. This communi- 
cative absence is corrected by the tax T. The 
subsidy z is used to rectify misallocations 
caused by the deviation of B’s adjusted risk 
attitude from society’s attitude. 

In the case of (bribery) market failure 
the government can, in principle, intervene 
to create a Pareto optimal allocation of re- 
sources, However, the wealth effect (absent 
with certainty equivalence) compels the 
government to know firm B’s risk function, 
not just its value at a (nonoptimal) set of 
output levels defined by equation (7). 


V. Conclusion 


When one firm’s productive process im- 
poses an externality, positive or negative, 
upon another firm, those enterprises have 
cause to attempt to interact in a private bri- 
bery market in order to improve both of 
their profit levels. The nature of the bribery 
market is determined bv the legal system. If 
A is liable for damages, it will demand of B 
a reduction in B’s output (and thereby 
achieve a cutback in its damage payments). 
Firm B will supply an output curtailment 
so long as its marginal profits foregone are 
covered by A. The intersection of supply 
and demand in the bribery market defines 
the equilibrium position from which no 
gains from trade remain; thus, at the close 
of bargaining no Pareto-relevant externali- 
ties exist, although there are (in general) 
externalities present. When A is not liable 
for damages, the same type of analysis and 
the same conclusions apply, the difference 
is that it is B which demands an output re- 
duction from A. These are the standard ex- 
ternality results from which many authors 
have concluded that the socially optimal 
allocation of resources occurs as an out- 
come of the costless bargaining process. 
The allocation is, they say, independent of 
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the assignment of liability. 

When the externality is randomly dis- 
tributed, uncertainty confronts the firm 
which is effectively liable. This firm must 
then incorporate its own attitude toward 
risk along with the distribution of the ex- 
ternality into its decision rule. We have 
utilized a Taylor series expansion to em- 
body these facts of economic life into the 
enterprise’s optimization process, a maximi- 
zation which occurs across the expected 
utility of profits. 

In an uncertain world, liability rules may 
determine resource allocation. Costless bar- 
gaining is not sufficient to guarantee that 
the Coase Theorem holds; it is also neces- 
sary that risk may be shared (say through a 
stock market) and that there be no in- 
divisibilities. Without the possibility of 
sharing risk the involved firms will have the 
same attitude towards risk only by accident. 
Indivisibilities—an autonomous manager 
or a dominant shareholder—also preclude 
a complete sharing of risk even in the 
presence of a stock market. 

When these stronger assumptions do not 
obtain, the risk attitude of the manager of 
the firm made responsible for damages is 
embodied in the equilibrium conditions ' 
which derive from bargaining. Resource al- 
location is affected by legal liability as well 
as by the bargaining skills of the involved 
firms. However, the government, by use of 
a tax/subsidy scheme, can intervene to 
create a Pareto optimal level of outputs. 
The attractive results of the Coase Theorem 
(as usually stated) are a special case in an 
uncertain, world. 


APPENDIX 
A 


Here we examine the output effect upon 
both firms of a change in the distribution of 
mw, concentrating upon the legal rule of per- 
missible pollution. We investigate three 
types of change: a linear shift of expected 
profits, holding all moments about the 
mean constant; a spreading of the distribu- 
tion about a constant mean, summarized as 
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a multiplicative shift of the variance; and 
a proportional shift of all moments. 
The three cases may be stated as 


A:T ~ (a + 7, y) 
B: m ~ (ï, By) 
C: x ~ (AT, A?) 


At this time we explicitly introduce fixed 
costs by writing profits as x(Q,q) — f, 
(f = 0), in order to isolate an income effect. 
Of course, f is functionally equivalent to a 
lump sum tax. 


Case A: The procedure is to substitute 
a + # for # in equations (6). Consider a 
marginal change in œ from its initial level 
such that the expected utility of profits re- 
mains maximized. This requires that we 
take the total derivative and evaluate it at 
a = 0. Manipulation shows 


(Al) OX/da = — aX /af 


where X designates Q or q. A marginal in- 
crease in expected profits has the same ef- 
fect as a marginal decrease in fixed costs. 
There is a pure income effect upon both 
output levels. 

To obtain (A1) we assumed that the firm 
incurred no cost to create a change in a. 
Since the firm might invest in pollution 
abatement equipment, it seems worth point- 
ing out that such a situation would add an- 
other term to the right-hand side of (A1): + 
(0X /éf)(df/da). Because the firm would 
voluntarily invest in abatement equipment 
only if (@a@/df) > 1, we can state that the 
sign of (0X /da) is the negative of the sign of 
(0X /df) whether a change in æ is endog- 
enous or exogenous. 


Case B: The procedure is the same as 
in Case A, with (0f/08) = 0 and the total 
derivative evaluated at 8 = 1, the original 
variance level. Thus, 


ax _ EI [+ 
ab laf | 


We now obtain a weighted income effect. 


(A2) 


The weight is the ratio of firm B’s measure ` 
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of absolute risk aversion to its rate of 
change. An increasingly risk-averse firm 
(r, r’ > 0) will respond to spreading dis- 
tribution in the same manner as to an in- 
crease in expected profit. Conversely, a de-. 
creasingly risk-averse firm (r' < 0 < r) will 
react oppositely to an increased variance 
than to an increased mean. 


Case C: The procedure is as above, 
with evaluation occurring at X = 1. The 
output effect of a proportional change in all 
moments is 





dQ Q _/əQ PL, 
(A3) ar = [3$ + (39) + D 

o4 faa, (30) _ Pa 
ar il È if (54 D 


There is an income effect and a substitution 
effect. The bracketed term is similar to the 
preceding case, although determination of 
the sign is less obvious if r’ and r are not of 
the same sign. The substitution effect is of 
determinable sign only for (A3). Since D > 0 
and L, < 0 by the second-order condi- 
tions, and since the marginal bribe (P) is 
positive, the substitution effect for (30/3) 
is negative. The substitution effect for (ðq/ 
OX) is of the opposite sign from the (un- 
known) sign of Lo,. 


B 


In the body of this paper we considered 
what is essentially a polar case; there is no 
mechanism for the sharing of risk. In this 
polar case the Coase Theorem does not 
hold strictly. It was argued that in the op- 
posite polar case, in which there is perfect 
sharing of risk, the Coase theorem holds. 
This part of the appendix considers briefly 
an intermediate case in which the parties 
may share risk. Assume that B is liable for 
damages and as a consequence has uncer- 
tain profits. The essential trade is for B to 
transfer to A a portion of the deviation of 
his profit from its expected value and for 
B to compensate A for the service A ren- 
ders. Since A absorbs some risk his expected 
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utility depends in part on g and there is the 
possibility of a market existing for a change 
in the level of g. Allowing for these possi- 
bilities we write B’s augmented profits as 


(A5) #(Q,4) + ôlr(Q,q) - (2,9) 
= PÔ - Q) + på - 4) -~ SI - ô) 


where ô is the share of B’s profit deviation 
retained by B, and b is the unit price B pays 
A for taking a share. Firm B’s expected 
utility is 


(A6) ult(Q,q) ~- P(Ô - Q) + 


+ PG - g) ~ bO — ô) + (1/2)u"(-)6?v 


This is maximized where: 


(A7) fio + P = r(5)*vg 
i, — p = r(5)*v, 
b = 2rév 


By means of a similar exercise A’s expected 

utility is 

(A8) UIQ) + PÔ - Q) - på - 9) 
+ b(1 — ô + (1/DU" (C — 6)?v 


which is maximized when 


(A9) Io- P = R(1 — ò)vo 
= R(i - ô)», 
b= 2R(1 — 6)v 


Letting each market clear simultaneously 
leaves 


(A10) Ug + wg = (Rr/(R + r))vo 
= (Rr/(R + r))y, 


When 4 is liable a similar set of conditions 
is found, but they will not in general imply 
the same allocation since the risk attitudes 
will not be evaluated at the same income 
levels. 
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Production, Efficiency, and Welfare in the 
Natural Gas Transmission Industry 


By JEFFREY L. CALLEN* 


In a recent conference, Leland Johnson 
criticized the asymmetry between the vo- 
luminous theoretical literature and the ab- 
sence of empirical work on the Averch- 
Johnson-Wellisz (A-J-W) hypothesis. This 
criticism has engendered a body of empirical 
research that is characterized by other im- 
balances. With one notable exception,' the 
empirical A-J-W literature concentrates on 
the electrical generating industry disregard- 
ing the potential benefits from intellectual 
diversification.? Also, much effort is ex- 
pended testing for the overcapitalization 
phenomenon, but the attendant welfare 
implications are virtually ignored. This 
paper tries to redress some of these im- 
balances by (i) investigating the A-J-W 
hypothesis in the U.S. interstate natural gas 
transmission industry, and (ii) analyzing the 
social welfare impact of rate of return regu- 
lation on this industry. 

In what follows, Section I formulates the 
optimization models which are used to 
simulate the input-output decision of a 
natural gas transmission company. Of the 
four models which are developed in this 
section, two are independent of the regula- 
tory environment, while the other two are 


*Assistant professor of finance and business eco- 
nomics, McMaster University. This paper is adapted 
from my doctoral dissertation submitted to the Fac- 
ulty of Management Studies, University of Toronto 
and written under the guidance of G. David Quirin, 
Basil Kalymon, Frank Mathewson, and Jack Sawyer. 
I am also indebeted to Varouj Aivazian, George Borts, 
Danny Frances, Stan Laiken, and Herbert Mohring 
for their comments on earlier drafts. 

lPaul MacAvoy and Roger Noll also, study the 
natural gas transmission industry but their methodol- 
ogy differs fundamentally from mine. They are con- 
.cerned with the impact of regulation on prices rather 
than inputs and output. They also disregard the social 
welfare ramifications of pipeline regulation. 

2Foremost among this expanding literature are the 
studies by Leon Courville, Thomas Cowing, Paul 
Hayashi and John Trapani, H. Craig Peterson, and 
Robert Spann. 
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constrained by it. A brief description of the 
constraint employed by the Federal Power 
Commission (FPC) to regulate interstate 
transmission companies precedes the for- 
mulation of the constrained models. Also 
this section discusses the input distortions 
which are potential consequents of rate of 
return regulation. Section II compares the 
simulated solutions with data from a com- 
prehensive sample of natural gas transmis- 
sion companies. The model which predicts 
the best is presumed to reflect the underly- 
ing behavior of the industry. Section III 
analyzes the social welfare implications of 
regulating the industry by comparing the 
benefits of rate of return regulation to those 
obtainable from marginal-cost pricing. 


I. The Models 
A. Some Preliminary Assumptions 


Transmission revenues are derived from 
three sources: the transmission and sale of 
natural gas to other transmission companies 
and retail distributors, commonly known as: 
sales for resale Q,; the transmission and 
direct sale of gas to large industrial corpora- 
tions, commonly known as main line in- 
dustrial sales Q,; and the nonsale trans- 
mission of gas for other pipelines Q, net of 
own gas transmitted by other pipelines Q,. 
It is assumed that Q,, Q,, and Q, are pro- 
portional to Q,. This assumption is neces- 
sary for computational simplicity, and rea- 
sonable because transmission activities other 
than sales for resale are minor or negligible 
for most large transmission companies.’ 
Other assumptions concerning the models 
follow. The demands for Q, and Q, are 
governed by constant elasticity demand 


3This is especially true of those companies which 
comprise my sample. See fn. 11 below and FPC 
Statistics 1965. 
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functions P,(Q,) and P,(Q,). The prices of 
Q,and Q,, P, and P,, are constant. Trans- 
mission costs, both fixed and variable but 
excluding the cost of the gas, are propor- 
tional to either horsepower capacity H or 
line-pipe capacity K. The wholesale pur- 
chase price of a unit of gas ¢ is constant. 


B. The Unconstrained Models 


In the absence of a regulatory constraint, 
either cost minimization or profit maximi- 
zation are assumed to determine a trans- 
mission company’s behavior. The firm’s be- 
havior is further limited by the technology 
relationship developed in Appendix A. 
Specifically, the profit-maximizing (PM) 
model can be represented by the following: 
Maximize (1) with respect to Q,, H, K: 


(1) V= (1 -= DIP (QQ + P2(Q2)Q. 


+ P3Q,— P,Q, - o(Q; + Q) 
[1 -7)W, + (r -— rdp WAH 
= [UG — 7)P, + (r — tdg)Pr)K 


subject to 
(2) 


where 


Q, = AHIR? 


Pp = fixed costs per unit of line-pipe ca- 


pacity 
r = fixed costs per unit of horsepower 
capacity 
P, = variable costs per unit of line-pipe 
capacity 
W, = variable costs per unit of horse- 
power capacity 
7 = corporate tax rate 


r = firm’s (weighted average) cost of 
capital 


d, = depreciation rate for horsepower 
related equipment 
dg = depreciation rate for line pipe 


A = scale constant 


The cost-minimizing (CM) model solves for 
the same input ratio (H/K) as the PM solu- 
tion but an indeterminate output level. 
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C. The Regulatory Constraint 


The revenues earned by an interstate 
natural gas transmission company on Q,, 
its sales for resale also called jurisdictional 
sales, are regulated by the FPC through the 
Atlantic Seaboard cost allocation formula. 
The initial step in applying this formula 
necessitates estimating the cost of service— 
operating expenses, taxes, depreciation, and 
a “fair” return to shareholders—on the 
basis of test year data. The components of 
the cost of service are then allocated to either 
a demand or commodity cost classification. 
Theoretically, the demand classification is 
comprised of those costs incurred providing 
fixed pipeline capacity. The commodity 
classification, on the other hand, should 
include both the cost of the gas and the 
variable costs of transmitting it to the cus- 
tomer. In practice, the Atlantic Seaboard 
formula splits most costs evenly between 
the two classifications with some important 
exceptions. The cost of the gas and pipeline 
produced gas expenses are allocated entirely 
to the commodity classification. Most, but 
not all, compressor and production ex- 
penses are allocated to the commodity clas- 
sification. Demand charges levied by one 
transmission company on another in inter- 
State sales are included in the buyer’s de- 
mand classification. 

Revenues derived from other than trans- 
mission-sales activities are netted against 
the cost of service. Nonsales transmission 
and storage revenues are credited wholly to 
the commodity classification. Other reve- 
nues, which are usually derived from the 
sale of natural gas by-products, are credited 
equally to each classification. 

The next step in applying the Atlantic 
Seaboard formula involves allocating costs 
between jurisdictional and nonjurisdictional 
markets. The commodity classification is 
weighted by the ratio of jurisdictional to 
total annual sales. Demand is weighted by 
the ratio of jurisdictional to total “firm” 
sales during a three-day sustained peak 
period. The sum of the two is the cost of 
service attributable to the jurisdictional 


ate. 
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market which serves as an upper bound on 
the revenues the company is allowed to earn 
in the jurisdictional market. 


D. The Constrained Models 


Two possible objectives are postulated 
for the constrained models, profit maximi- 
zation and revenue maximization. In addi- 
tion to the technology relationship from 
Appendix A, the firm’s input-output de- 
cisions are mediated by a regulatory con- 
straint patterned after the Atlantic Sea- 
board formula shown below as constraint 
(5).4 Formally, the constrained revenue- 
maximizing (CRV) model can be repre- 
sented by: Maximize (3) with respect to 
Q, H, K: 


(3) V' = P(Q), + Px(Q.)2, 


+ P,Q, — P,Q, 
subject to 
(4) Qı = AH7KS 
Qin 
5) P, so 
(5) P(Q)Q, < Os 


-[(1/2)(P,K + W,,H +T) 
+ (1/2)(P-K + W,H + T')(1 — 4)s 
+ (1/2)(dyPpK + dyW,H + d'T') 
+ (1/2)7* + (1/2) P,Q, 


4Constraint (5) is a proxy for the Atlantic Seaboard 
formula. The first set of square brackets on the right- 
hand side of the inequality contains the demand costs. 
These are weighted by the ratio of jurisdictional to 
total firm sales during the peak period of the test year. 
The second set of square brackets contains the com- 
modity costs which are weighted by jurisdictional to 
total sales during the entire test year. Therefore, those 
revenues which the firm may earn in the jurisdictional 
market are restricted by constraint (5) not to exceed 
ex ante the sum of demand and commodity costs 
attributable to the jurisdictional market in the test 
year. Although uncertainty about sales and regulatory 
lag may cause the constraint to be violated ex post, it 
is assumed that these effects are not endogenized by 
the firm during the pipeline planning stage and any 
excess profits earned thereby are treated as windfall 
gains. 

5The constrained models are solved by a dual 
iteration-linearization technique described by the 
author, pp. 102-07. 
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+ M9g(Q, + Q) 

— (1/2) (miscellaneous revenues)] 
Qı 
Q, + Q: 
+ (1/2)(PpK + W,H + T'i — ô)s 
+ (1/2)(dxPpK + dyWpH + d'T') 

+ (1/2)r* + (1/2)P4Q, 

+ (1 — M)d(Q, + Q3) 

+ W,,H — P,Q, 

— (1/2)(miscellaneous revenues) 


+ (gas production and gathering ex- 
penses)]° 


+ [(1/2)(P,K + W,,H + T) 


where 


Q,g = sales for resale peak load demand 
Qg = main line industrial sales peak 
load demand 
W, = variable costs per unit of horse- 
power capacity allocated to both 
demand and commodity classifi- 
cations 
W, = variable costs per unit of horse- 
power capacity allocated entirely 
to the commodity classification 
M = proportion of production ex- 
penses allocated to the demand 
classification 
T = variable costs unrelated to K or H 
T' = fixed costs unrelated to K or H 
t* = income and property taxes’ 
s = fair rate of return 
6 = accumulated depreciation rate 
d' = average depreciation rate for as- 
sets unrelated to K or H 


The constrained profit-maximizing (CPM) 


6Miscellaneous revenues, and gas production and 
gathering expenses are treated as constants. The al- 
lowance for working capital and interest during con- 
struction are not part of the constraint formulation 
since they are trivial amounts and the relevant data are 
not available. 

7The level of taxes r* is treated as a function of the 
other parameters and variables, 7* = 7[P,(Q,)Q; + 
P(Q2)Oo + P303 — P404 — (OQ) + Q2) - WyH - 
PyK — (dgPpK + dyWsH) — T — other deductions 
on' corporate income taxes] + other state and local 
(property) taxes. 
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model is identical to the CRV model except 
that V! (equation (3)) is replaced by V 
(equation (1)). 


E. Regulatory Input Biases 


The principal variable input into the 
transmission process, compressor fuel, can- 
not be forecast accurately.’ Therefore the 
models simulate, in addition to output, only 
the two fixed inputs H and K. Nevertheless, 
the input biases appear in the tradeoff be- 
tween the H horsepower capacity and K 
line-pipe capacity variables. Intuition and 
the A-J-W literature suggest that, since H 
has a large variable cost component and 
line-pipe expenses are trivial, the CPM 
model’s simulated K/H input ratio is always 
larger than the cost-minimizing ratio. This 
is not the case, however. The CPM input ra- 
tio may prove to be less than the corre- 
sponding cost-minimizing solution. To see 
this, consider the simple case of a firm 
which deals only in sales for resale for 
which the CPM model can be represented 
by: Maximize (6) with respect to K, H: 


(6) V" = (1 — 7)x[Q,(K,H)] — wH — pK 
subject to 


(7) 
(1 — 7)x[Q,\(K,H)] - WH - pK- G <0 


where x is the excess of revenues over the 
cost of the gas, Q, (K, H) the production 
function, and w, p, w, p, and G are con- 
stants.’ Forming the appropriate Lagran- 


8Natural gas compressor-prime mover units are 
either reciprocating-gas engine or centrifugal-gas 
turbine. The latter consume a significantly greater 
amount of fuel per horsepower generated than the 
former, for a given horsepower capacity. Therefore, 
without an inventory of compressor types (for each 
firm) fuel consumption cannot be estimated. Nor is 
it reasonable to assume a representative inventory 
since the proportion of compressor-prime mover 
types differs dramatically among firms for which the 
data are available. See James Jensen and Thomas 
Stauffer, pp. 93-95. 

9 Using the previous notation 
w= (l = T)Wy + (r—- tdy) Wr 
p=(1—7)Py+(r- dg) Pp 
w= (! -—7)Wy + (0 — 454+ (1 — r)dy) Wr 
P=- r)Py+ (ll - ôs + (i — rjdg)PFr 
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gian, the first-order conditions excluding 
the constraint are 


®© A-770- Ax Qr =p- Ap 
(9) (= 71- Ax’ Qiy = w- AW 


where A is the multiplier.” Therefore, the 
marginal rate of technical substitution is 
Qin w (w — AW) 

so that the relationship between the CPM 
and cost-minimizing input ratio depends on 
the a priori indeterminate signs of both 
(w/w — p/p) and (w — Aw). The sign of the 
former is a function of the relative magni- 
tudes of cost and regulatory parameters 
which differ from one company to another. 
The sign of the latter as seen in equation (9) 
is determined by whether marginal revenue 
is greater than or less than the marginal cost 
of the gas at the optimum. The bias in the 
CRV model’s input ratio is also a function 
of the sign of (w/w — p/p), but in the ma- 
jority of cases the CRV model’s K/H input 
ratio is less than that of the cost-minimizing 
alternative. 


II. Comparing the Data with the 
Simulated Solutions 


A. The Data and the Simulated Solutions 


The 1965 output Q, horsepower capaci- 
ties, and line-pipe capacities of twenty-eight 
“major” interstate natural gas transmission 
companies are listed in the first three 
columns of Table 1.!! The corresponding 


G= (1 = r)T + ((1 — 5s + @yT! +gas production 
and gathering expenses + 7 (other deductions 
on corporate income taxes) — other state and 
local (property) taxes 

10E, E. Zajac shows that 0 <A < 1 if the constraint 
is binding. 
11My sample is restricted to major pipeline com- 

panies as defined by the FPC Statistics 1965, p. vim. 

The remaining interstate pipeline companies are 

either distribution companies or have small pipeline 

systems which cannot be described by a Cobb-Douglas 
production technology. In addition, four of the 
thirty-two major companies were excluded because 
they primarily transport gas owned by their affiliates. 

The excluded major companies are Chicago District 

Pipeline, Columbia Gulf Transmission, Florida Gas 

Transmission, and Humble Gas Transmission. 
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TABLE 1—1965 ACTUAL AND SIMULATED PROFIT-MAXIMIZING (PM) INPUT-OUTPUT SOLUTIONS 





Q 
Company (1) 
1. Algonquin Gas Transmission 101 
2. American Louisiana Pipeline 200 
3. Atlantic Seaboard 223 
4, Cities Service Gas 420 
5. Colorado Interstate Gas 332 
6, Consolidated Gas Supply 345 
7. El Paso Natural Gas 1,413 
8. Kentucky Gas Transmission 97 
9. Manufacturers Light and Heat i 209 
10. Michigan Gas Storage 90 
11. Michigan Wisconsin Pipe Line 339 
12. Midwestern Gas Transmission 218 
13. Mississippi River Transmission 206 
14. Natural Gas Pipeline Co. of America 659 
15. Northern Natural Gas 507 
16. Ohio Fuel Gas 399 
17. Pacific Gas Transmission 194 
18. Panhandle Eastern Pipe Line 600 
19. South Texas Natural Gas Gathering 115 
20. Southern Natural Gas 427 
21. Tennessee Gas Transmission 1,055 
22. Texas Eastern Transmission 792 
23. Texas Gas Transmission 559 
24, Transcontinental Gas Pipe Line 636 
25. Transwestern Pipeline 179 
26. Trunkline Gas 314 
27. United Fuel Gas 337 
28. United Gas Pipe Line 1,306 





Actual Simulated PM 

H K Q H K 

(2) (3) (4) (5) (6) 
31 141 22 15 32 
142 569 52 28 206 
48 239 48 1k 66 
197 568 92 39 172 
82 235 53 li 57 
104 370 93 19 142 
746 2,199 524 154 1,172 
6 65 18 2 15 
25 227 48 18 60 
16 102 22 4 32 
200 632 105 39 281 
27 265 52 9 75 
lll 248 55 19 96 
525 2,080 151 104 660 
593 1,650 194 132 889 
33 305 99 13 86 
26 307 51 11 88 
445 1,256 128 63 406 
5 33 26 2 9 
277 642 84 60 168 
999 3,233 214 173 931 
902 2,068 203 164 757 
276 847 144 62 293 
647 1,978 198 166 789 
64 385 59 23 152 
193 670 91 41 270 
98 187 72 9 68 
169 1,109 343 85 309 


Note: Q is measured in billions of cubic feet of natural gas per year, H in thousands of horsepower, and K in thou- 
sands of tons of line pipe. Details concerning the data sources are found in Appendix B. 


simulated PM solutions for each of these 
firms are presented in the last three columns 
of Table 1 and the CPM and CRV solutions 
in Table 2. Detailed descriptions of the data 
base, and some of the variable and param- 
eter estimates utilized in the simulations 
are found in Appendix B. 


B. Comparing the Input Ratios 


On the input side, the predictive abilities 
of the models are evaluated by comparing 
the simulated and actual K/H ratios using 
the absolute prediction error criterion 


(K/H)s — (K/H), 
(K/H); 


where A and § stand for the actual and 
simulated solution, respectively. These pre- 


(1) 


diction errors are found in the first three 
columns of Table 3. Since the CM and PM 
ratios are identical, their prediction errors 


- are listed in the same column. The fourth 


column of Table 3 gives the best input 
model for each firm in the sample where the 
best input model is the one with the smallest 
absolute error. Of the twenty-eight cases, 
the CRV model predicts the best in ten, the 
CPM model in ten, and the CM-PM 
models in eight. The average absolute pre- 
diction errors are 8.81, .73, and .69 for the 
CPM, CM-PM, and CRV models, respec- 
tively. 

Additional evidence on the predictive 
superiority of the CRV model can be ob- 
tained from the ordinary least squares esti- 
mate of b in the equation 


(12) (K/H), = 0(K/#H)s + € 
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TABLE 2—SIMULATED CONSTRAINED PROFIT-MAXIMIZING (CPM) AND 
CONSTRAINED REVENUE-MAXIMIZING (CRV) INPUT-OUTPUT SOLUTIONS 














CPM CRV 
Q H K Q H K 
Company qi) — @) 83) (4) (5) (6) 
1 100 47 123 100 51 120 
2 171 189 437 181 101 562 
3 221 31 270 221 40 250 
4 316 158 443 328 89 548 
5 235 46 190 235 37 204 
6 93 6 202 129 30 180 
7 1,024 44 3,603 1,319 397 2,462 
8 95 3 75 © 97 10 ` 55 
9 129 25 135 129 22 139 
10 80 38 69 85 14 99 
1l 350 266 601 365 142 761 
12 222 52 222 223 37 248 
13 209 68 293 210 53 317 
14 613 661 1,793 647 373 2,260 
15 272 162 1,220 274 191 1,168 
16 394 15 384 408 49 278 
17 200 6l 245 201 48 265 
18 . 498 237 1,233 500 195 1,311 
19 106 8 26 107 6 29 
20 421 299 617 424 221 683 
21 624 69 4,015 885 601 3,097 
22 389 10 3,660 844 652 2,446 
23 582 221 947 582 207 966 
24 442 61 2,680 626 520 2,073 
25 165 156 270 186 72 388 
26 296 163 660 299 121 730 
27 227 25 181 227 25 182 


28 1,402 308 1,002 1,403 271 1,043 


TABLE 3— ABSOLUTE INPUT PREDICTION ERRORS AND THE BEST INPUT MODEL DESIGNATIONS 




















Best Input $ Best Input 
CM-PM CPM CRV Model CM-PM CPM CRV Model 
Company (1) (2) (3) (4) Company (1) (2) (3) (4) 
i Jl 42 49 CPM 15 1.41 1.71 1.19 CRV 
2 -83 42 39 CRY 16 .30 1.84 -38 CM 
3 .19 :15 .24 CM 17 34 66 54 CM 
4 54 .03 1.14 CPM 18 1.28 .85 1.38 CM 
5 81 44 94 CPM 19 13 52 24 CM 
6 1.05 8.35. .67 CRV 20 21 I .34 CPM 
7 1.58 27.01 1.10 CRY 21 67 16.93 59 CRY 
8 25 1.07 49 CM 22 1.01 164.50 63 CRV 
9 31 38 .30 CRY 23 53 39 52 CPM 
10 35 72 10 CRV 24 56 13.41 30 CRV 
ll 1.29 29 69 CPM 25 08 71 11 CM 
12 12 56 31 CM 26 90 16 74 CPM 
13 1.28 93 1.70 CPM 27 2.86 2.80 2.86 CPM 
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TABLE 4—-ABSOLUTE OUTPUT PREDICTION ERRORS AND THE BEST OUTPUT 
MODEL, AND THE BEST OVERALL MODEL DESIGNATIONS 











Best Best 
Output Overall 

PM CPM CRY Model Model 

Company o) (2) (3) (4) (5) 
1 782 .007 .007 CPM-CRY CPM 
2 741 .147 .098 CRV CRV 
3 787 .010 .008 CRY CRV 
4 780 247 .219 CRY CPM 
5 839 294 292 CRV CPM 
6 731 731 -624 CRV CRY 
7 629 276 .067 CRV CRV 
8 809 016 003 CRV CRY 
9 769 382 382 CPM-CRV CRY 
10 760 103 .055 CRV CRV 
ll 691 033 077 CPM CPM 
12 764 016 022 CPM CRV 
13 736 014 O17 CPM CPM 
14 770 069 018 CRV CPM 
15 618 463 460 CRV CRV 
16 751 013 021 CPM CRV 
17 739 031 .036 CPM CRV 
18 786 170 .167 CRY CPM 
19 .774 079 .075 CRV CRV 
20 .802 014 .006 CRV CPM 
21 797 409 .161 CRV CRV 
22 .744 509 066 CRV CRV 
23 143 041 041 CPM-CRV CPM 
24 689 306 016 CRV CRV 
25 -670 078 .042 CRY CRV 
26 710 057 .047 CRV CPM 
27 £785, 325 3325 02, CPM-CRV CPM 
28 7137 074 CRV 


074 CPM-CRV 








where e is assumed to be distributed 
N(0,o*). Presumably, if the simulated solu- 
tion is a good predictor of the actual, the 
parameter b should equal one. The regres- 
sion estimate of b for the CRV model is 
.866. The null hypothesis that b = 1 cannot 
be rejected at the 20 percent significance 
level. In the case of the CM-PM model, the 
estimate is .799 and the null hypothesis is 
rejected at the 5 percent level. The hy- 
pothesis that b = | is rejected at the 1 per- 
cent level in the case of the CPM model. 

It is worth noting that the extremely poor 
showing of the CPM model is a function of 
five “‘rate-base-maximizing” solutions which 
are singular to this model.'? For example, if 


12The rate-base-maximizing solutions require large 
K/H ratio technologies. These solutions have CPM 
_ prediction errors greater than 3 in Table 3. 


these five solutions are deleted, the average 
prediction error for the remaining firms is 
only .72. Interestingly, none of the firms in 
the sample implemented these rate-base- 
maximizing solutions even though the tech- 
nologies are feasible. 


C. Comparing Output 


The predictive abilities of the models on 


. the output side are evaluated in an identical 


fashion. The first three columns of Table 4 
tabulate the absolute output prediction er- 
rors for each of the models while the fourth 
column designates the best output model. 
The CRV model predicts the best in eigh- 
teen cases with an average prediction error 
of .12. The CPM model predicts the best in 
six cases with an average prediction error of 
.18. In the remaining five cases, both the 


K 





318 AMERICAN ECONOMIC REVIEW 


CPM and CRV models predict equally well. 
The PM model is an inferior predictor with 
an average prediction error of .75. 

Further proof of the superiority of the 
CRV model in predicting outputs is ob- 
tained by regressing for b’ in the equation 


(13) Q, =b'Qs+e 


where Q, is the actual and Q, the simulated 
output. Again, only the CRV model’s esti- 
mate is close to 1, specifically, 1.041. The 
hypothesis that b’ = 1 cannot be rejected at 
the 10 percent significance level. The identi- 
cal hypotheses for the PM and CPM models 
are rejected at the 1 percent significance 
level. 


D. Comparing Inputs and Output 


The constrained revenue-maximizing 
model is the best overall input-output pre- 
dictor. The CPM model predicts output 
reasonably well, but not inputs, while the 
PM model predicts input proportions, but 
not output. The model which predicts in- 
puts and output the best on a company by 
company basis can be determined by com- 
paring both input and output prediction 
errors simultaneously. In fifteen cases the 
best overall model is unambiguous since the 
same model has the smallest input and out- 
put prediction errors. In the other thirteen 
cases the best model is resolved by compar- 
ing relative prediction errors assuming in- 
put and output prediction errors are 
weighted equally. For example, Colorado 
Interstate’s CPM output prediction error 
is only .2 percent larger than the CRV out- 
put prediction error while the input predic- 
tion error of the former is 50 percent less 
than that of the latter. Consequently, the 
CPM model is the best overall predictive 
model for Colorado Interstate. Colume (5) 
in Table 4 lists the best overall predictive 
model in the sense just defined. The CRV 
model is seen to predict the best in seven- 
teen cases, the CPM model in eleven cases 
and the PM model comes in a poor third. 


E. The Stability of the Results 


It should be noted that, with perhaps one 
exception, the simulated solutions and the 
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conclusions in this section are quite robust 
with respect to a wide range of alternative 
parameter specifications." The exception is 
the demand elasticity of sales for resale 
which is estimated to be 1.5. If demand is 
assumed to be less elastic than 1.5 the su- 
periority of the CRV model over the CPM 
model is less pronounced, especially on the 
input side. This occurs because the number 
of rate-base-maximizing solutions in the 
CPM model appears to be a direct function 
of the size of the elasticity estimate. On the 
other hand, the CRV model’s superiority is 
even more evident for elasticity specifica- 
tions greater than 1.5. 


Ill. Efficiency and Welfare Considerations 


Showing that regulation has modified the 
behavior of the natural gas transmission in- 
dustry addresses only one problem. To the 
policymaker, the critically important issue 
is whether or not regulation is beneficial to 
society at large. If rate of return regulation 
leads to input distortions, it also induces the 
firm to produce at a greater than profit- 
maximizing output level.4 This tradeoff 
confronts the policymaker with the prob- 
lem: do the benefits of regulation in the 
U.S. natural gas transmission industry out- 
weigh the costs? This issue can be resolved 
provided (i) the industry is valued by the 
social welfare function—-the sum of pro- 
ducer’s and consumer’s surpluses—with its 
well-known deficiencies, and (ii) interpipe- 
line rivalry is neglected. 

The marginal cost pricing option (MC), 
which maximizes the social welfare func- 
tion, is the benchmark against which the 
actual data and the simulated solutions are 
evaluated. The first column of Table 5 lists 
the maximum yearly benefits obtainable 
from a marginal cost pricing policy for each 


13See the author, pp. 108-22. Included in the 
sensitivity analysis is the specification that ¢ is a con- 
stant elasticity supply function with a supply elasticity 
of 5.0. 

i4 Except for the pathological case described by 
William Baumol and Alvin Klevorick. 

SThe policymaker could theoretically utilize this 
tradeoff to set socially optimal rates of return. See the 
author, G. Franklin Mathewson, and Herbert 
Mohring. 
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TABLE 5—-Gross SOCIAL WELFARE BENEFITS OF MARGINAL COST PRICING, 
THE 1965 ACTUAL, AND THE SIMULATED SOLUTIONS 

MC Actual PM CPM CRV 

Company (1) (2) (3) (4) (5) 
l 123 122 92 122 122 
2 159 154 118 149 152 
3 221 220 166 220 220 
4 182 173 124 166 168 
5 112 112 82 110 110 
6 413 400 309 308 335 
7 999 919 744 859 915 
8 95 95 72 95 95 
9 247 243 184 229 229 
10 78 71 59 75 TT 
ll 333 317 250 316 321 
12 161 160 123 159 160 
13 ill 106 8l 108 108 
14 436 420 312 413 421 
15 512 454 367 401 401 
16 403 396 303 394 396 
17 114 HHI 86 Lik 112 
18 371 359 268 356 357 
19 33 32 25 32 32 
20 270 264 188 263 264 
21 829 792 567 711 777 
22 745 712 542 595 722 
23 345 332 252 335 335 
24 610 565 440 519 565 
25 150 140 110 135 141 
26 253 241 187 239 240 
27 47) 467 359 453 453 
28 453 443 336 446 447 


Note: Social welfare benefits are measured in millions of dollars per year. 


of the firms in my sample. The actual bene- 
fits and those obtainable from uncon- 
strained profit, constrained profit, and 
constrained revenue maximization are pre- 
sented in columns (2) to (5), respectively. 
These social benefits are gross of regulatory 
administrative costs. Net benefits can be 
estimated, albeit somewhat crudely, by sub- 
tracting $200 thousand of average yearly 
administrative costs per company from the 
gross figures.'° 

The public policy ramifications of Table 5 
are straightforward. The effect of rate of 
return regulation on increasing output off- 
sets the increased costs of input inef- 
ficiencies. Total actual net benefits for the 
industry are within 5.2 percent of the mar- 
ginal cost pricing option, assuming the 


16 MacAvoy estimates that the FPC and the pipeline 
industry spent $3.5 million and $2.5 million, respec- 
tively, in 1968 or about $200 thousand per company. 


latter is effected costlessly. In all cases, net 
benefits are within 15 percent of the maxi- 
mum. It is unlikely that other forms of 
politically acceptable regulatory procedures 
could do better. 


APPENDIX A—-AN ENGINEERING 
PRODUCTION FUNCTION 


This appendix develops a Cobb-Douglas 
engineering production function for natural 
gas transmission. S.T. Robinson derives the 
following engineering production function 
for a compressor station and line pipe of 
length L miles: 


_ (33)HPs7d'* 
~ L% 
where Q is output in cubic feet, HPs is sta- 


tion horsepower, d is the inside diameter of 
the line in inches, and the station has a dis- 


(Al) Q 
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charge pressure of 1000 psi. If the line is 
looped, Z in (Al) is replaced by Le, the 
equivalent line length." Assuming all loops 
are identical 


(A2) Le = L/g? 


where L is now the length of one loop and 
g the number of loops. Therefore, (A1) be- 
comes 

72 27 g1.8 
(ay. ¢2 ae 


L 36 


Assuming the pipeline is comprised of iden- 
tically looped line sections, and noting that 
the number of compressor stations is (L*/ 
gL), (A3) can be manipulated to yield 


B (33) HP” d'8 
(A4) v= LOL 


where HP is total system horsepower and 
L* is total system mileage. 

The remainder of this appendix trans- 
forms (A4) into an engineering production 
function in the variables Q,, H, and K. The 
variable K is substituted for d in (A4) using 
the equations: !8 
(A5) (D — d)/D = 0271 
(A6) _K = (7.05)(D? — a’)L* 


where D is the outside line diameter in 
inches. 
Multiplying (A5) by (D + d) gives 


(A7) (D2. — d?) = (0.271)D(D + d) 


Substituting (A7) into (A6) and apponi: 
mating D by d cap 
(A8) = (.382)d7L* 


Multiplying my by L*'’, substituting (A8) 
into the result, and noting that L~- = .7, 
approximately,” yields 


I 


17 See American Gas Association, pp. 8/10-8/11. 

18 Equation (A5) assumes a discharge pressure of 
1000 psi and a 5LX-52 high test line-pipe technology. 
See Donald Katz et al., pp. 628-30. Equation (A6) is 
derived by multiplying the volume of steel in an open 
cylinder by the weight of steel per unit of volume. 

9Station spacing is usually (and optimally) con- 
stant for a given pipeline, although it differs from one 
pipeline to another. Typically L varies from 30 to 100 
miles so that L~° varies from .74 to .66. 
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(A9) QL!" = (.55)gHP7"K° 
If the line operates at full capacity and g is 


treated as a parameter, (A9) becomes 
(A10) Q = AH7'K$ 


where A denotes the scale constant. 

The models are developed in terms of 
variable, not capacity output. Therefore, 
the constant in (A10) is (theoretically) ad- 
justed by a capacity utilization rate and O 
replaced by variable output which is ap- 
proximated by: 


(All) (Q, + Q,+ Q3 —- Qa + F + AQs) 


where F is compressor fuel consumption 
and AQs is the net change in natural gas 
storage inventories. If, in addition to the 


. output variables, F and A Qs are assumed to 


be proportional to Q,, substituting (A11) 
into (A10) yields the Cobb-Douglas engi- 
neering technology function: 


(A12) Q, = AH?K? 


APPENDIX B—THE DATA BASE, AND 
SOME VARIABLE AND PARAMETER 
ESTIMATES 


The 1965 data base was chosen for three 
reasons, First, 1965 represents a long-run 
steady-state planning phase, the end of an 
extensive pipeline construction period char- 
acterized by new market penetration.” Pipe- 
line construction from 1965 onwards is 
characterized by growth in existing markets 
and, therefore, a new planning phase. 
Second, peak load demand problems were 
absent in 1965. It is estimated that in that 
year 45 percent of all natural gas trans- 
mission lines operated at between 70 and 
85 percent of capacity while the remainder 
were in the 85 percent plus range.”! Third, 
disaggregated line-pipe capacity data are 
published for 1965.” 

Most of the data are found in the FPC 
annual pipeline statistics, the FPC annual 


20 See FPC Statistics 1965, p. VIN. 
21 See FPC, National Gas Survey, pp. 129-30. 
22See the National Petroleum Council (NPC) re- 


port. 
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` reports, Moody's Public Utilities, the NPC 
report on transportation capacities, and the 
John P. O’Donnell annual cost studies. 
These sources are sufficiently comprehen- 
sive to provide cross-sectional estimates for 
all but a few parameters. For the rest, indus- 
trywide estimates sufficed. Explanations are 
in order for some of the variable and pa- 
rameter estimates. 

The line-pipe capacity variable is mea- 
sured in tons of main line steel. The NPC 
report provides a cross-sectional break- 
down of pipeline mileage by outside diam- 
eters. Wall thicknesses are estimated by 
specifying an average industry steel tech- 
nology, API Standard 5LX-52 with an 
operating pressure of 1000 psi. 

Although peak load demand data are 
unavailable, the U.S. Bureau of Mines pub- 
lishes a cross-sectional breakdown of main 
line industrial sales into interruptible and 
firm categories. Therefore, the proportion 
of peak load jurisdictional sales to total 
peak load sales can be estimated by (Q,,/ 
Qia + p4) where the A subscript denotes 
the 1965 actual outputs of Q, and Q, and p 
is the proportion of firm to total main line 
industrial sales, 

The unit line-pipe capital cost is derived 
by summing the company’s line-pipe related 
capital expenditures in the 1965 FPC ac- 
counts and dividing the result by K.*? This 
book value figure is employed in the regula- 
tory constraint and in the depreciation ex- 
pense component of the objective function. 
In the remainder of the objective function, 
a 1965 constant dollar unit capital cost is 


23The assumption that line-pipe unit costs are 
constant is not unreasonable. The following 1960-62 
data and cost estimates give some indication of unit 
costs (on a per ton basis) for 24, 30, and 36” pipelines 
constrained to a working pressure of approximately 
950 psi: 


Outside Wati Actual Norberg Columbia Gas 
Diameter Thickness Data Estimates Estimates 
e) 0) (5) ® |. (8) 
24 312 355 360 378 
30 375 339 367 361 
36 438 - 330 352 


The Nordberg estimates are found in American Gas 
Association, p. 8/95. The actual cost data as well as 
the Columbia Gas estimates are from Laurence 
Rosenberg, p. 215. 
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used. This figure is obtained by adjusting 
all line-pipe related capital expenditures 
over the lifetime of the firm by a pipeline 
construction price index. The unit horse- 
power capacity capital cost is estimated in 
exactly the same fashion although the as- 
sumption of a constant unit cost is ap- 
parently contradicted by the potential 
economies of scale in horsepower genera- 
tion. Average cost per horsepower generated 
declines with the capacity of a compressor- 
prime mover unit up to some technological 
limit. In practice, there are severe limita- 
tions placed on the size of the compressor 
unit by the characteristics of the gas flow, 
the need for operational flexibility, and the 
dynamics of horsepower capacity utiliza- 
tion so that in 1965 average capacity was 
only from 1 to 2 thousand horsepower 
per unit.” Therefore, the assumption of a 
constant unit cost is not unreasonable. The 
wholesale price of the gas is estimated by 
average purchased gas expenditure. This 
figure is also the implicit price of pipeline 
produced gas. 

The scale constants in the production 
function and the demand functions are esti- 
mated from the data and the appropriate 
functional forms. For example, the scale 
constant in the production function is de- 
termined by (Q,, /H?’K?) where the A sub- 
script again denotes the 1965 actual values. 

Accumulated depreciation in the regula- 
tory constraint is expressed as a percentage 
of the undepreciated cost of the company’s 
assets. This rate is calculated by dividing 
the FPC account “accumulated provisions 
for depreciation, amortization and deple- 
tion” by “total gas plant.”* 

A weighted average cost of capital is cal- 
culated for each company using the book 
value capitalization rates of debt, preferred 
and equity capital as of December 31, 1965. 
The pretax cost of debt is determined from 
Moody’s rating of the most recent (pre- 


_ See the NPC report. There are modest economies 
of scale in the size of the compressor stations. How- 
ever, the cost of a reasonably sized station is propor- 
tional to the number and size of the compressor units 
and, therefore, horsepower capacity. 

25 See FPC Statistics. 
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1966) bands issued by each pipeline com- 
pany. The cost of preferred capital is taken 
to be the most recent (pre-1966) imbedded 
preferred share dividend yield. The after-tax 
cost of equity capital is derived from the 
familiar dividend yield equation where the 
growth rate is measured by the multiplicand 
of the retention rate and the return on 
(book value) equity capital, averaged over 
the period 1965-70. In those cases where 
the shares of the subsidiary pipeline com- 
pany did not trade on the open market, the 
cost of capital of the parent is used. 

The following parameter values are as- 
sumed to hold on an industry-wide basis. 
The fair rate of return is 6.5 percent which 
is the least upper bound on the return al- 
lowed pipeline companies under FPC juris- 
diction from 1962 to 1967.76 The straight 
line depreciation rates for K, H and other 
assets are 3.2, 3.9, and 4.5 percent, respec- 
tively. These depreciation rates are com- 
monly employed in FPC rate case proceed- 
ings.” The long-run demand elasticity 
estimates are 1.5 for sales for resale and 4.0 
for main line industrial sales. These elas- 
ticity estimates are borrowed from the 
MacAvoy and Noll study. It is assumed that 
15 percent of interpipeline gas sales rev- 
enues are demand charges and the rest com- 
modity charges. This figure is based on the 
original Atlantic Seaboard case” and ap- 
pears to be the only estimate available. 
Fortunately, the simulations are insensitive 
to this particular parameter. 


26 See Stephen Breyer and MacAvoy, p. 31. 
27 See, for example, 13 FPC 53, 1954, 
28See 11 FPC 521, 1952, and 11 FPC 57, 1952. 
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On the Optimal Provision of Journals 
qua Sometimes Shared Goods 


By JANUSZ A. ORDOVER AND ROBERT D. WILLIG* 


There are many interesting and impor- 
tant policy issues surrounding the provision 
of technical journals that arise from the 
simple fact that journals are sometimes 
shared goods:’ that is, they are shared 
goods when offered to the reading public 
through libraries and are, at the same time, 
private goods to personal subscribers. It is 
said, for example, that publishers are ex- 
periencing increasing difficulty in recover- 
ing their “‘first copy costs” (setup costs) due 
to the rapid growth of reprography of li- 
brary journals. Recognition of this new 
problem has led to intense public debate 
over copyright protection against uncom- 
pensated private dissemination of repro- 
duced library materials.” There is a related 
accelerating trend towards the establish- 
ment of a dual pricing structure by pub- 
lishers—high rates for library subscriptions 
and lower rates for personal ones. 

This paper shows that these policy issues 
can only be understood by viewing journals 


*New York University and Bell Laboratories, and 
Bell Laboratories and Princeton University, respec- 
tively. We would like to thank George Borts and the 
referee for helpful comments. Ordovers's research was 
funded in part by a grant from the division of Science 
Information of the National Science Foundation. 

lWe define a unit of a good as shared when its ser- 
vices are utilized by more than one agent, in contrast 
to a private unit of a good which is utilized by only 
one agent. A commodity is a sometimes shared good, 
by our definition, if some units are shared and others 
are private. In our paper (1977b), we provide an 
economic analysis of the factors that determine 
whether a commodity will be utilized exclusively as a 
private good, exclusively as a shared good, or, lastly, 
as a sometimes shared good. A contrasting analysis of 
journals by Yoram Barzel rests on the public goods 
properties of the information disseminated in jour- 
nals, while it ignores the public nature of library jour- 
nal collections. . 

2This debate was stimulated by the celebrated case 
of Williams and Wilkins Co. vs. the United States. 
Summaries of various arguments and positions can be 
found in U.S. Senate Hearings on S. 1361. 
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as sometimes shared goods. We provide a 
theoretical framework for the analysis of 
the optimal provision of such commodities. 
We then apply it to questions of journal 
subscription pricing and library usage fees.’ 
The theoretical framework is based on 
the simultaneous existence of separate but 
linked markets for private and shared use of 
the good. The private market serves those 
consumers who value the good above its 
price and who either have no access to a 
shared unit or who choose not to share the 
good because the cost saving to them is out- 
weighed by the inconvenience. The users of 
shared units also fall into two groups. The 
first group is comprised of those who would 
not purchase a unit of the good for them- 
selves even if the sharing option were not — 
available to them. The second is the group 
of users of shared units of the good who 
would switch to private consumption if. 
their sharing option were foreclosed. The 
sharing option enables the former group to 
enjoy services they otherwise would not, 
while it benefits the latter group by reduc- 
ing their expenditures on the commodity.‘ 
We establish that the critical linkage be- 
tween markets for private and shared use of 


3Questions pertaining to the choice of profit and 
welfare optimal subscription modes are discussed in 
Section IV of the authors (1977a). 

4Users of shared units will, on average, have lower 
income than buyers of private units inasmuch as in- 
come is positively correlated with the inconvenience of 
shared use. To this extent, it can be said that the pur- 
pose of sharing options is to benefit lower income 
groups. In our welfare analysis below, we do not, 
however, place special weight on the benefits ac- 
cruing to lower income consumers. Neither do we 
consider any external benefits from the shared use of 
the commodity by those who could not afford private 
purchase (see the authors, 1976, for a discussion of 
optimal allocation when goods have both private and 
external benefits). Consequently, we are, perhaps, ab- 
stracting from major reasons for public support of 
options for shared use. 
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‘the good is this latter group of users. In our 

discussion of journals, they utilize the li- 
brary copy when it is available to them be- 
cause the price of personal subscription 
exceeds the inconvenience of patronizing 
the library. These potential subscribers, 
nevertheless, value the journal enough to 
buy a subscription were the library to dis- 
continue its subscription. . 

We initially assume that libraries are 
perfect purveyors of the public good to 
their user populations (see Paul Samuel- 
son). That is, they levy no use fee because 
there are no marginal costs of usage and 
they finance their acquisitions through 
lump sum fees which do not affect individ- 
uals’ choices of reading modes. Further, a 
library subscribes to the journal if and only 
if the total willingness to pay of its popula- 
tion exceeds the institutional subscription 
price. In a marginal library, the willingness 
to pay just covers the library subscription 
price. The willingness to pay depends on 
the personal subscription price, and this 
further links the two markets. The financ- 
ing and behavior of libraries is further dis- 
cussed in Section I. There, too, we discuss 
the institutional assumptions and specify 
the formal model. 

Section II ‘studies the personal and in- 
stitutional subscription prices that are 
optimal for profits and that are optimal for 
welfare under a binding nonnegative profit 
constraint. (The latter prices will be hence- 
forth termed Ramsey-optimal prices.)? We 
assume that the production technology of 
journals exhibits increasing returns to scale 
to reflect the setup costs significant for pub- 
lic policy towards the publishing industry. 
Consequently, prices equal to marginal cost 
generate insufficient revenue to cover pro- 
duction cost, and thus violate the nonnega- 
tive profit constraint. 

We see that the ratio of the optimal 
deviations of the two subscription prices 
from marginal cost depends on the ratio of 
the own-price elasticities of library and 


5It was Frank Ramsey who first studied welfare- 
optimal prices under such a constraint. See William 
Baumol and David Bradford for a cogent survey. 
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personal subscription demand, the ratio of 
library to personal subscriptions, and, the 
newly identified variable, the average num- 
ber of potential personal subscribers who 
are users of the marginal libraries. How- 
ever, the practical application of this result 
requires global information on the behavior 
of these critical functions of the prices. Un- 
fortunately such data are unavailable. 

Therefore, in Section II, we study the 
use of current values of the variables for the 
determination of the local price adjustments 
which are best for welfare, while leaving 
profit unchanged. The same expression for 
the ratio of the deviations of Ramsey- 
optimal prices from marginal cost can, 
when evaluated at current prices, be mean- 
ingfully compared with the ratio of current 
deviations. This expression is considerably 
simplified by the special structure imparted 
by the model to the market-demand elas- 
ticities. In particular, for reasonable and 
representative values of a small number of 
the current parameters, a journal currently 
setting equal personal and library subscrip- 
tion prices should move to a higher relative 
library price. 

We apply these methods in a pilot study 
of the 1975 prices of five economics jour- 
nals. We find that for four of them, welfare 
can be improved without loss of publisher 
profit by simultaneously increasing the li- 
brary subscription price and decreasing the 
personal subscription price. Further, the 
hypothesis of profit maximization can be 
rejected for these journals. 

In Section IV we study the economic 
impact of the introduction of library usage 
fees. It is theoretically surprising to dis- 
cover that it is welfare suboptimal, under 
the nonnegative profit constraint, for the 
libraries to behave as perfect purveyors of 
their journal copies. While each population 
prefers to finance library subscriptions with 
lump sum taxes, they all benefit from col- 
lective adherence to a rule specifying that 
usage fees partially finance library acquisi- 
tions. 

When the library usage fee is paid to the 
journal publisher, it can be interpreted as a 
copyright royalty. We show that under 


326 AMERICAN ECONOMIC REVIEW 


weak and plausible conditions consumer 
welfare and profits can both be increased by 
the implementation of such a fee, when ac- 
companied by appropriate decreases in the 
subscription prices. Thus, we identify the 
difficult policy problem of how to tie such 
price decreases to the extension of copy- 
right protection to library usage. The Ap- 
pendix contains the recuisite proofs of our 
propositions. 


I. The Model 


We focus throughout on the provision of 
copies of a single journal by a monopolistic 
publisher.® The journal is assumed to be 
produced with an increasing returns-to- 
scale technology. This assumption captures 
the first copy costs and economies of scale in 
printing that are intrinsic to the publishing 
industry.’ Moreover, it is this assumption 
that precludes the otherwise Ramsey-opti- 
mal marginal cost pricing of the good to 
both private and shared markets. 

We proceed with our analysis of Ramsey- 
optimal pricing under the working hypothe- 
sis that it is possible for the producer to set 
different prices in the two markets. In fact, 
journal publishers commonly follow this 
practice by setting distinct personal and 
institutional subscription prices. Such dis- 
crimination is facilitated by the repetitive 
and direct relationships between the pub- 
lisher and the buyers. In markets for other 
sometimes shared goods where these factors 
are absent, the possibilities for price dis- 
crimination are more limited and the analy- 
sis would be more complex.’ 


6We specifically ignore any possible monopolistically 
competitive interactions with publishers of other 
journals. 

7This assumption is validated by the empirical find- 
ings in Baumol and Yale Braunstein, and in Braun- 
stein (1976). 

8See Baumol or John Panzar and Robert Willig 
for discussions of returns to scale and the feasibility of 
marginal cost pricing. It is shown in the authors 
(1977b) that marginal cost pricing, even when feasible, 
is not optimal for sometimes shared goods when the 
shared units are not perfectly purveyed. 

For example, price discrimination is limited by 
the incentives of the somewhat competitive inter- 
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In our modeling of library behavior, we 
continue to focus on a single journal and 
assume that the remainder of the library’s 
collection is held fixed. We abstract from 
the operating and construction costs of li- 
braries and from the concomitant overhead 
allocation problem. We posit that every 
group of potential readers has access to one 
already established and noncongested li- 
brary facility. 

We work with the simplest analytic 
model rich enough to represent the already 
introduced essential features of the inter- 
related private and institutional markets 
for journals as sometimes shared goods. 
Each individual agent is characterized by 
his gross benefits from consuming the good 
via the private and public modes, B and 
B — T, respectively. Thus T'is the difference 
between the money-scaled subjective costs 
of utilizing the public and private modes. 
For example, T might measure the incon- 
venience of library use. 

When an agent faces a personal subscrip- 
tion price of ps, his net benefit from pri- 
vate subscription is B — ps. When he faces 
a library usage fee of p,, his net benefit is 
B — T — p, if he uses the library. The net 
benefit is 0 if he does not use the journal. 
Each agent selects the available mode that 
maximizes his net benefit. Thus, if he be- 
longs to a group whose library does not 
own the journal, he will subscribe himself 
if and only if B > ps. If, however, he does 
have access to a library copy, then he will 
buy a personal subscription if B > pş and 
T + p, > ps(B— ps = B — T — p,). He will 
be a library reader if B — T — p, > 0 and 
T + p, < ps. Otherwise, he will choose not 
to read the journal. 

It will be useful to dichotomize the li- 
brary readers into the potential subscribers, 
for whom B > ps and T + p, < ps, and the 








mediaries who sell such sometimes shared goods as 
books and consumer appliances. Yet it is sometimes 
possible for producers to’sort out different classes of 
purchasers by offering similar products differentiated 
by quality. Thus book publishers can partially dis- 
criminate between library and private buyers by 
means of the sale of both hardcover and paperback 
editions. 
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perusers, for whom B < psand T + p, < B. 
The latter group, unlike the former, would 
not buy personal subscriptions at ps were 
the library to discontinue its subscription. 
Figure | depicts the aforementioned groups 
as regions in B, T space. 

We assume that each consumer’s indirect 
utility function is monotonically increasing 
in the sum of nominal income and maxi- 
mized net benefits from journal use, hold- 
ing fixed a numeraire price in another sec- 
tor of the economy. Consequently, for each 
consumer, B and T are independent of any 
money expended for lump sum library 
taxes, use fees, or personal subscription 
payments. 

We assume in Sections II and III that 
each library perfectly purveys its services 
to its population. In part, this requires that 
the library charge a usage fee equal to the 
marginal cost of usage. Henceforth, with- 
out loss of generality, this marginal cost is 
taken to be zero. Further, the financing of 
acquisitions is accomplished through a non- 
distorting mechanism." Finally, acquisition 
decisions are made optimally for the ag- 
gregate welfare of the library population’ 
Thus, the library will subscribe to a journal 


'0For example, the library subscription can be pur- 
chased with funds raised by a head tax levied on all 
people potentially served by the library, irrespective of 
whether or not a taxpayer actually uses the library 
facilities. Alternatively, we can assume that the 
requisite funds are raised with a perfectly discriminat- 
ing tax on each library user which is less than his 
willingness to pay for the library services. 


ORDOVER AND WILLIG: PROVISION OF JOURNALS 327 


if and only if the aggregate willingness to 
pay, denoted by W, exceeds the institu- 
tional subscription price p,. 

We can express W as the difference be- 
tween the population’s aggregate net bene- 
fits with (V) and without (V) the library 
subscription, exclusive of the lump sum 
payments made to the journal publisher for 
the library subscription. Letting A(B, T, m) 
denote the histogram function?! of the 
population of agents served by the library 
with index m, we have 


(1) V(ps,m) = 
i F. (B — ps)h(B,T,m)dTdB + 


o PS-Py 
f T (B — T — pòh(B, T, m) dTdB 
PS 0 


a T 


Pu 
h(B, T,m)dTdB 


Reading left to right, the integrals measure 
the net benefits of the personal subscribers, 
the potential subscribers, and the persuers, 
respectively. 


(2) Vips,m) = 
A S (B — pòh(B,T,m)ydTdB 
PS 0 


Here, without a library subscription, the 
only readers are personal subscribers. 
Finally, 


(3) W(ps,m) = V(ps,m) — V(ps,m) = 
J J Mps — T — pa)h( B, T,m)dTdB 
PS 0 


PS B-py 
Te ao 
Pu o 


-h(B, T,m)dTdB 


Thus, the personal subscribers contribute 
nothing to W, and the perusers are willing 


11Thus, #(8,7,m) gives the density over B and T of 
the number of agents in the population of the library 
of type m. The function A(-) is finitely differentiable 
with respect to m. 
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to pay their full benefit, net of usage fee 
and inconvenience, B — T — p,. However, 
the potential subscribers add only the dif- 
ference ps — T — p, between their evalua- 
tions of the library inconvenience together 
with the usage fee and the money cost of a 
personal subscription. 

Using the willingness to pay concept, we 
can model the journal acquisition behavior 
of libraries. The marginal libraries, denoted 
by the index m*, are just indifferent to 
acquiring the journal and thus satisfy 


(4) W(m*) = pi 


For convenience, we take m to be a scalar 
index defined so that the W function is in- 
creasing in m.” Then, letting the positive 
and differentiable function f(m) denote the 
number of population groups with charac- 
teristic m, 


(5) NE = T f(m)dm 


is the total number of subscribing libraries. 

The number of personal subscribers in a 
population m, with and without, respec- 
tively, a subscribing library is 


æ 


(6) NS (m) = j h(B, T, m)dTdB 
(n) J, ri , Met 
nom) = | [ (8, T.m)aTaB 
NS(m) i J (B, T,m) 


Then, with p, the same for all libraries, the 
total number of private subscribers is 

D N= N5 (m) f(m)dm 
0 


+ f " NS (m) f(m)dm 


In a subscribing library, the number of 
library readers is 


"In the authors (1977a) we show how to arrive at 
our results with a mathematically more satisfying 
representation of multidimensionally differentiated 
library populations. 
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kad PS Pu afi 
(8) LR(m) = T 1 h(B, T, m)dTdB 
PS 0 
ps B- Py 
+ f h(B, T, m)dTdB 
0 


Py 


The total number of library readers is then 


LR(m) f(m)dm 
m* 
Publisher profit is the revenue from usage 
fees and subscriptions sales to individuals 
and institutions net of the cost of produc- 
tion 


(10) 
Tl = p LR? + ppN* + psN* — C(N*® +N“) 


O) LRT = 


II. Ramsey-Optimal Subscription Prices 


In this section, we characterize the per- . 
sonal and library subscription prices that 
maximize social welfare subject to non- 
negative publisher profit. We proceed under 
the assumption that libraries are perfect 
purveyors of journals to their populations. 
Thus, with the postulated zero user costs, 
Pu is fixed at zero. Given our partial equilib- 
rium framework, and abstracting from in- 
come distributional considerations, maxi- 
mization of social welfare with respect to 
subscription prices is equivalent to the 
maximization of the sum of publisher profit 
(producer’s surplus) and the aggregate net 
benefits to consumers from their journal 
use.” Using (1), (2), and (4), the aggregate 
net benefit to consumers is 


(V(ps,m) — pr) f(m)dm 


—m* 


+ i Y (ps, m) f(m)dm 


(11) V = 


3This equivalence follows from our earlier as- 
sumption that each individual’s indirect utility func- 
tion is monotonically increasing in the sum of income 
and net benefit from journal use. With such utility 
functions, there are no income effects on demands for 
journal use, and the net benefit is equal to the rele- 
vant consumer’s surplus. This surplus is calculated 
as the line integral of the demands for both private 
subscriptions and for the use of the journal in the 
library. 
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Now, we can turn to the choice of the 
Ramsey-optimal p, and p, which maximize 
V + II subject to the constraint that II > 
0. Forming the Lagrangian, L = V + I + 
AL, the analysis of the necessary first-order 
conditions for positive optimal prices re- 
quires that the partial derivatives of V with 
respect to ps and p; be calculated from the 
underlying model. Using (9), (1), and (2), 
we have 


[Vim*) - 





Y(m*) — pr) f(m*) 
OP. 

However, because of the definitions of m*, 

W, and N4, (3), (4), and (5), the second 

term is zero and we are left with aV/dp, = 

—N*, „Similar calculations yield @V/dps = 

-N5. 

These results, together with routine dif- 
ferentiation of the profit function (10) with 
respect to ps and pz, allow us to conclude 
from the necessary optimality conditions: 


PROPOSITION 1: The Ramsey-optimal 
subscription prices Pa 


Pr-~ O\ l 
va a - J "i (PEN KER - Tm) 


A+ 
N$ -N$\ [NF 
-N NE] \NS 


SONN + NINS a 


where c denotes the marginal cost of journal 
publication C'(NS + Nt), and subscripts 





UD ON m 


MThese results are analogous to Roy’s Law for an 
individua! utility-maximizing consumer (see Donald 
Katzner for a clear exposition). Thus, in our model 
aggregate consumer and library demands behave as if 
they maximize an aggregate utility function subject 
to an aggregate budget constraint. This result is sur- 
prising because the demand for library subscriptions 
is determined by the simultaneous collective decisions 
of many population groups, while NS results from the 
individual decisions of the agents. The result hinges 
critically on the welfare optimal acquisition policy of 
libraries. 
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S and L denote partial derivatives with re- 
spect to ps and p. 


Equations (12) are the standard Ramsey 
rule for optimal deviations of prices from 
marginal costs under the nonnegative profit 
constraint.'> In the present form, (12) is not 
very illuminating. A more useful formula- 
tion can be derived by substituting into it 
detailed relationships among the partial 
derivatives of demand extracted from the 
underlying model. 


PROPOSITION 2: Let Z be the number of 
potential subscribers in each marginal library. 
Then NE < Oand 


(14) œ> N = NE = -ZNt>0 


Further, let Ñ$ denote the derivative of NS 
with respect to ps holding constant the set 
of subscribing libraries. Then 


(15) =% < N$ = Ñ$ — NEZ< NE <0 


Equation (15) indicates that the own- 
price sensitivity of personal subscriptions 
can be decomposed into two effects. The 
first is the regular substitution effect with 
the extent of the institutional facilities avail- 
able to consumers held fixed. The second 
reflects the reaction in individuals’ private 
demands induced by the endogenous 
changes in the library facilities available to 
them. 

Equation (14) says that library and pri- 
vate journal subscriptions are weak gross 
substitutes. Demand for personal subscrip- 
tions is affected by p; through the sensitivity 
to this price of the set of subscribing li- 
braries. When a marginal library drops its 
subscription, its potential subscribers enter 
the market for private subscriptions. The 
reverse flow occurs if a decrease in p; in- 
duces a marginal library to acquire a journal 
copy. 

Demand for library subscriptions is af- 
fected by ps through the sensitivity to this 
price of the willingnesses to pay. For ex- 
ample, an increase in ps reduces the net 
benefit of personal subscription and hence 
increases the value of the library copy to the 


15See Marcel Boiteux, for example. 
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potential subscribers; that is, to those who 
use the library copy and to whom private 
subscription is a viable alternative. Thus, 
for a change in the price of either personal 
or library subscriptions, the critical linkages 
between the two markets are formed by the 
set of potential subscribers who use each 
marginal library. Equation (14) states that 
in our model the linkages are in fact sym- 
metric. 


If there were no potential subscribers, the ° 


markets for private and library subscrip- 
tions would be decoupled, the cross elastici- 
ties of demand would be zero, and the opti- 
mal prices would be characterized by the 
inverse elasticity rule. Otherwise, the role 
_played by the number of potential sub- 
scribers in the determination of the optimal 
prices is exposed by substituting (14) into 


(13). 


PROPOSITION 3: The Ramsey-optimal 
prices are characterized by: 





(16) 
Bene E [NS/NS]/[NE/N4] + Z 
Ps-e 1 + (N*/N*) 


It is evident from (16) that y > 0, imply- 
ing that at the optimum p; — c and ps — c 
have the same sign. The assumed increasing 
returns to scale rule out the possibility that 
Ps <S cand p; < c, since such prices would 
violate the nonnegative profit constraint. 
Thus, Ramsey-optimal subscription prices 
must both exceed marginal cost. 

In Section III we shall employ (16) to 
study the desirability of the relationships 
between current journal prices. However, 
here, we can combine equations (15), (14), 
and (13) to gain insight into the relation- 
ship between the optimal levels of p, and 


Ps. 


PROPOSITION 4: The ratio of the Ramsey- 
optimal deviations between prices and mar- 
ginal cost are bounded as follows: 


(17) RSN" 
NENS 
Thus, Z > 1 would immediately imply 


Z<psZrt 
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that p > 1, that the optimal library price ex- | 


ceeds the optimal personal subscription 
price.!® 


HI. Determining Best Price Adjustments 
from Current Data 


There is considerable methodological dif- 
ficulty in deriving insights from (16) that are 
relevant to currént practices of journal pric- 
ing. The variables (elasticities, circulations, 
and number of potential subscribers) to 
which the formula relates p are all to be 
evaluated at yet to be determined prices. 
This endogeneity, endemic to necessary 
first-order conditions, means that the opti- 
mal prices can only be determined as the 
solutions to simultaneous equations whose 
global behavior is almost impossible to de- 
duce from available local data. Further, in- 
tuitions that we may have concerning cur- 
rent values of the variables governing p 
cannot be logically utilized via such first- 
order Conditions as (16) to illumine the 
optimal prices. 

Fortunately, there is an analytic line of 
inquiry which circumvents these conceptual 
difficulties. We can ask for the direction of 
change from the current prices which is best 
for social welfare while preserving the cur- 
rent level of profit. It can be shown” that 
if the current p = (p, — ¢)/(ps — ©) is 
greater than the current value of y (defined 
in (13)), then the best profit-constrained di- 
rection of changes requires that p, be 
lowered and pş be raised. Inversely, if, at 
current levels p < yw, then p, should be 
raised and ps lowered. It should be em- 


phasized that these calculations do not “ 


necessarily indicate the relationships be- 
tween the current and the optimal prices. 
Instead, they give the best local price ad- 
justments that can be determined from 


'6It should be noted that when library populations 
are described by more than one characteristic, all 
marginal libraries are not identical and Z is properly 
interpreted as the average number of potential sub- 
scribers in the marginal libraries. In such more 
realistic models, noninteger values of Z have meaning- 
ful interpretations. See fn. 12. 

'7See Willig and Elizabeth Bailey. 
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strictly local information on the relevant 
‘unctions. 

From this point of view, y, calculated at 
surrent values of the variables, can indeed 
3e meaningfully compared with the current 
ratio (pi — c)/(ps — c). Since (16) gives an 
*xpression equal to y, it can serve as a 
vehicle for the application of current data 
:0 the study of present journal prices, yield- 
ng recommendations for the best direction 
of change. Further, we can study the level 
of y, always evaluated at current prices, as a 
function of the values its parameters could 
take on as they pertain to different journals. 

We shall first utilize this technique to es- 
tablish conditions under which it can be as- 
serted that welfare would increase (without 
affecting profits) by introducing a positive 
margin between currently equal library and 
yersonal subscription prices. This assertion 
zan be made if the current value of y for a 
articular journal with ps = p; exceeds |. 
For this journal, the current p is equal to 1, 
ess than yw, indicating that p, should be 
raised and ps lowered. 

For notational convenience, let n = N*“/ 
NS and let k be the ratio of the own-price 
elasticity of demand for private subscrip- 
tions to the own-price elasticity of demand 
for library subscriptions. In this notation, 
(16) becomes: 


(18) y (Be Pi z) /a + Zn) 
Ps 


PROPOSITION 5: If, currently, ps = Pr, 
then raising p, and lowering ps would in- 
crease social welfare and leave publisher 
profit unchanged whenever (k — 1) + 
Z(i — n)> 0. 


This condition will be met whenever the 
circulation ratio n is less than 1, and the 
ratio of the elasticities k is greater than 1. 
The meager empirical evidence suggests that 
k is significantly larger than 2, for all jour- 
aals studied.’ Further, the best available 
data indicates that n < 1 for a majority of 


I8See Sanford Berg. Braunstein (1977) seems to 
indicate values of k significantly above 2. 
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technical journals.'? Thus a finding that py > 
1 for a journal with ps = p, would not be 
surprising, and the policy recommendation 
to differentiate the subscription prices, 
PL > Ps, would be forthcoming from our 
model. 

For journals already charging differen- 
tiated prices, the investigation of the best 
direction of price changes requires more 
current information. If k, n, and Z were 
known then the test is just p 2 y. However, 
Z may be more difficult to estimate than are 
k or n. Nevertheless, we can use (18) to de- 
termine the minimum value of y, over all 
Z > 0, as a function of k and n. If for a par- 
ticular journal it should be the case that p < 
W mins then surely p < y and the recommen- 
dation to increase p, and decrease ps 
would follow. 


PROPOSITION 6: 


(19a) (P1/Ps)k 
if (p1/ps)nk < 1 

PL kp,| '? 

—k+ — 

y 2 Y min = Ps pes 
1/2 

(19b) len fe 
nps] . 


if(p_/ps)nk > | 


and Win is an increasing function of k. 


Because we do not have a precise esti- 
mate of k, the fact that Ymi is monotonically 
increasing in k facilitates the analysis of 
current journal subscription prices. First, it 
can be inferred that p < y if Y min calculated 


. at an underestimate of k exceeds p. For this 


purpose, we continue to assume that k > 
2.0. Second, we can find that value of k, de- 
noted by k*, at which p = W min- 


PROPOSITION 7: 


(20a) me if (pi/ps)nk < 1 
L x 


k* = 
(20b) 5, np? if (pi /ps)nk > 1 
L : 


19See Bernard Fry and Henry White. 
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TABLE | 
PL— €E 
1975 Ps PL NE+NS  NL/NS Pages c ps—c¢ Vmin(k = 2) Keb 
QJE 15.00 15.00 5,500 1.22 686 7.85 1.00 “1,28 1.22 
AER? 23.00 34.50 27,500 .37 3,280 15.18 2.47 2.85 1.50 
JPE 15.00 20.00 8,400 43 1,318 11.51 2.43 2.49 1.90 
EI 14.00 20.00 3,800 .49 610 8.32 2.06 2.42 1.46 
JET 34.50 69.00 1,500 4.30 873 17.05 2.98 .97 19.09 





aIncludes Papers and BeA and the Journal of Economic Literature. 


>The value of k for which Ymin = 


If the true value of k were greater than k* 
then Proposition 5 would imply that p < y. 
Knowledge of k* enables us to ascertain 
how small a value of k would support the 
policy conclusion to raise p, and lower ps. 

We now apply these methods in a pilot 
study cf the 1975 prices of five economics 
journals: Quarterly Journal of Economics 
(QJE); American Economic Review, together 
with the Papers and Proceedings and the 
Journai of Economic Literature (AER); 
Journal of Political Economy (JPE), Eco- 
nomic Inquiry (EI); and the Journal of Eco- 
nomic Theory (JET). The prices, taken from 
the public record, pertain to all issues pub- 
lished in 1975. For the association journals 
(AER and EI), we took ps to be the mem- 
bership fee, and .we ignore any benefits and 
costs of membership unrelated to the jour- 
nal subscriptions. Circulation figures N+ 
and N'were obtained directly from the edi- 
torial offices.” The marginal costs were cal- 
culated from the formula,” 





C(Q) NS + Nt 
= —.74 : — 

In 10,000 742 + .559 In 1000 
+ 8141n annual editorial pages 


100 
and then inflated by 25 percent.” These 


20These data for AER and El! are annually released 
publicly. The editorial offices of JPE and JET speci- 
fied NS + NL precisely, and offered estimates of 
NE/N5, The editorial office of QJE offered estimates 
of 1975 NS + NE and NE/NS. 

21This equation is presented and described in 
Baumol and Braunstein. 

22The equation appears to be based on 1973 factor 
prices. We assume here that the prices of all costly 


data appear in columns l-6 of Table 1. 
Column 7 holds p, the ratio of the devia- 
tions of the subscription prices from mar- 
ginal cost, which is to be compared with y. 

For each of the five journals, (p,/ps) 
nk > | fork > 2, and so we can presume 
that (19b) applies. Column 8 lists the values 
Of Y min Computed from (19b) with the under- 
estimate of 2.0 used for k. Column 9 ex- 
hibits k* calculated from (20b), the value of 
k which would make Y min = Pp. 

~These calculations suggest that p is in- 

deed well below y for all the journals but 
JET. Both intuition and the evidence sup- 
port. the contention that the own-price 
elasticity of personal subscriptions is more 
than twice that of library subscriptions. 
With k > 2, both columns 7 and 8 show 
that the values of p are below those of Y min. 
The policy conclusion” is that net consumer 
welfare can be increased, while the levels of 
publishers’ profits are maintained, by si- 
multaneously increasing p; and decreasing 
Ps, for QJE, AER, JPE, and EI. 

For JET, Table 1 shows that it is unlikely 


t 


that p < Vmin- Since nk (p,)/(ps) > 1, Y is- 


decreasing in Z, and (18) yields y = 


max 











factors of journal production rose by 25 percent be- 
tween 1973 and 1975. Both the Wholesale Price Index 
of book paper and the Bureau of Labor Statistics in- 
dex of printing trades wages did increase by ap- 
proximately 25 percent between those dates. 

230f course, the conclusions rest upon the em- 
pirically untested model, and upon the numbers pre- 
sented in Table 1. We regard this as a pilot study, 
hopefully pointing the way towards a full empirical 
treatment of both the model and the relevant param- 
eters. Note that (14) and (15) can be utilized to 
generate several testable implications of the model. 
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i (PL) (Ps), Since (P./Ps) = 2, p < Wmax for 

> 1.5. Thus, for reasonable values of k, 
nal < p < max, and we cannot reject the 
hypothesis that the subscription prices of 
JET satisfy the optimality conditions. In 
fact, rearrangement of (18) shows that p = 
yifk and Z satisfy k = 1.5 + 6Z. It is cer- 
tainly plausible, for example, that Z = .5 
and k = 4.5. 

Thus far we have studied welfare maxi- 
mization, and our concern with profits has 
been restricted to the constraint of non- 
subsidized viability of the publisher. How- 
ever, these very same concepts can also be 
usefully applied to the study of profit maxi- 
mization. 


PROPOSITION 8: A necessary condition 
for the current levels of p, and ps to be profit 
maximizing is that p = . 


Thus the results displayed in Table | can 
be interpreted as evidence that all the jour- 
nals but JET are neither successful profit 
maximizers nor constrained welfare opti- 
mizers. 


IV. Library Usage Fees 


In this section we study the welfare effects 
of the introduction of library usage fees. 
First we consider the imposition of user 
charges as a partial substitute for the lump 
sum taxes previously assumed to completely 
finance library acquisitions. Second, we 
analyze user fees which are paid directly 
to the publisher, These payments can be 
interpreted as copyright royalties. 

Consider a rule that each library must 
finance the proportion @ of the subscription 
price p, by means of a use fee p,. For the 
library of type m, this rule implies that 


(21) pulm)LR(m) = ap, 


Here, LR(m) given by (8) is the number of 
readers using library m when the usage fee 
is p,(@m). In view of (21) and the hetero- 
geneity of libraries, the usage fee varies 
among libraries. 

Under this regime, with a > 0, libraries 
do not perfectly purvey journals since the 
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positive user fee exceeds the zero marginal 
cost of usage. Each library population as a 
group would prefer to circumvent the posi- 
tive a rule and to pay p, solely out of the 
lump sum taxes characteristic of perfect 
purveyance. However, in the Appendix, we 
prove the following surprising result: 


PROPOSITION 9: The introduction of a 
positive a increases aggregate consumer wel- 
fare with Ramsey-optimal subscription prices 
(12) above marginal cost, whenever there are 
any marginal prospective subscribers in any 
of the subscribing libraries. 


The intuitive explanation is that asa and 
consequently the user fees are infinitesimally 
raised from zero, the potential subscribers 
who were indifferent between library use 
and personal subscription are induced with 
no welfare loss to subscribe. This raises 
publisher profit by approximately pş — c for 
each new private subscription. Because the 
profit constraint is binding, the profit incre- 
ment enables ps and p, to be lowered, 
bringing profit back to its original level, and 
increasing consumer welfare. The import of 
Proposition 9 is that perfect purveyance of 
shared units of a sometimes shared good is 
not generally optimal. For small usage fees 
employed to partially finance library ac- 
quisitions, the positive effect on publisher 
profit from increased private subscriptions 
outweighs the undesirable effects on the 
allocation of journals to libraries and on 
individuals’ choices of reading modes. 

We now show that a more practical sys- 
tem of positive usage fees which are uni- 
form across libraries and paid directly to 
publishers is also generally desirable. The 
propositions that follow are proven in the 
Appendix from the model specified in Sec- 
tion I. 


PROPOSITION 10: Suppose that at the 
profit-maximizing ps and p,, with p, = 0, 
(i) there are some marginal potential sub- 
scribers in some subscribing libraries and (ii) 
the number of journal readers in each mar- 
ginal library is less than the average number 
of journal readers in all the subscribing 
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libraries; i.e., 
(22) LR™/N* > LR(m*) 


Then, there exist p,, Ps, Pi, with p, > 9, at 
which beth publisher profit and consumers’ 
welfare are greater than they are with p, = 0 
and with ps, p, set profit maximally. 


The rationale of this result is that the in- 
troduction of a positive usage fee paid to 
the publisher directly increases his revenues, 
and in addition further increases his profit 
through the induced rise in demand for per- 
sonal subscriptions. The proposition asserts 
that subscription prices can be lowered suf- 
ficiently to compensate consumers col- 
lectively for the positive user charge with- 
out completely nullifying the gain in profit. 

Nevertheless, it is problematic whether 
the profit-maximizing publisher would find 
it in his own interest to effect these requisite 
price reductions if he were to be granted the 
right to collect a usage fee. In response to 
the increase in demand for personal sub- 
scriptions resulting from the newly positive 
Pu, the publisher may well find it profit opti- 
mal to raise ps. In short, consumer welfare 
may be lowered by allowing a profit-minded 
publisher to charge a usage fee, even if its 
level is set by the government. 

In contrast, consumer welfare is improved 
by the introduction of a usage fee when ps 
and p, are chosen optimally for net welfare 
subject to the nonnegative profit constraint. 


PROPOSITION 11: Suppose that at the 
Ramsey-optimal ps and p,, with p, = 0, (22) 
holds. Then, there exist ps, Pr, Py with p, > 
0, at which publisher profit is unchanged 
while consumers’ welfare is greater than it is 
in the situation above. 


Overall, we find that a copyright based 
library usage fee is a practically feasible in- 
strument™ which is desirable when properly 


24This payment mechanism can be implemented if 
the publisher can monitor tatal usage of library copies. 
See U.S. Senate Hearings on S.136!1 for arguments 
concerning the feasibility cf such monitoring. Note 
that when the library population must collectively pay 
Pu per each journal use, it has the incentive to in fact 
levy a charge of p, on each user. This should be con- 
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employed. For profit-maximizing pub- - 
lishers, such extension of copyright protec- 
tion can increase both profit and con- 
sumers’ welfare. The challenge for public 
policy is to develop an institution tying 
price reductions that benefit consumers to 
copyright protection that increases pub- 
lishers’ profits. The present analysis shows 
the existence of such a compromise pricing 
package that will benefit both publishers 
and readers. 

Further, we have shown that a usage fee 
is a beneficial instrument in the hands of a 
welfare minded price setter. It can be con- 
ceivably argued that nonprofit journal pub- 
lishers do, in fact, seek (albeit unsuccess- 
fully, as indicated in Section III) to set 
prices in this way. Then, for this major 
category of publishers, our results may be 
interpreted to recommend library usage 
charges. 


APPENDIX 


PROOF of Proposition 1: 

The first-order conditions for the maximi- 
zation with respect to pand p, of L = V + 
H + All are 


See NES OC 2D) 
Ops 
-[NF + (ps — N$ + (pi — c)N] = 0 
OL 
—=-N+(A 41 
Ta ( ) 
[Nt + (ps — c)NZ + (px ~ €)NZ] = 0 


Solving these equations for ps — c and 
Px — c by matrix inversion yields (12). 


PROOF of Proposition 2: 
Working from (5), we obtain 


(Al) NE = — 2 pone) 





trasted with the incentive structure of the mechanism 
defined in (21). Each library population has the in- 
centive to circumvent that scheme by waiving the re- 
quired user fees and by financing pz completely 
through lump sum taxes. The publisher cannot ascer- 
tain by monitoring usage whether such circumvention 
has occurred. 
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and NE = — 2" pyr) 

ODs 


Implicit differentiation of (4) gives 





(A2) 
am* _ 1 /9h ang Om _ _ OW /eps 
OP, öm dps  OW/am 
Thus, Ni = —f(m*)/(@W/dm) which is 


negative by construction. Differentiation of 
(3) yields 


(A3) 


kaid PS Py 
OW J f h(B,T,m*)dTaB 
Ops Ps 0 


Z 


This is the number of potential subscribers 
who frequent each marginal library. To- 
gether, (A1), (A2), and (A3) yield N$ / N4 = 
-OW/dps=—-Z 

Differentiating (7) with respect to p,;, we 
see 


(Ade = 2 SOINS) - NSn) 
PL 


Using (6) and the definition of Z in (A3), 
(A4) becomes 


* 
win (Sr) fonz 
PL 
Then, using (Al), NÌ = —N{iZ = N4. 
Differentiating (7) with respect to ps gives 


(AS) NS = SE SOMAN Sn") — NS) 
Ps 
+ | [7 ween Sedm 


+ f Elm) fn) 


We denote by Ñ$ the negative terms in the 
brackets which represent the derivative of 
NS with respect to ps, holding constant the 
set of subscribing libraries. Using (A2), 
(A3), and (A4), we have 


am™ F(m*)\(NS(n*) — NS(m*)) = -N$Z 
Ops 
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‘ 


Thus, (A5) can be rewritten 
NS = -NEZ + NE < Ñ$ <0 


The demand derivatives are finite because 
all component functions are aşsumed to be 
finitely differentiable. 


PROOF of Proposition 4: 
At the Ramsey optimum, by (13) and (15), 


NSN*~ NS NS 
~ NENE + NENS 
NINS — NZ) — NENS 
— NEN* + NENS 
Then, using (14), 


L S 
p = Z + — ie | 
1 + ZN4/NS 


gen NIN T N 
1 + ZNŁ/NS| ~ NE NS 


(17) follows. 


PROOF of Proposition 5: 

With ps = p,, (18) shows that y = 
(k + Z)/(1 + Zn), and p = 1. Hence py > p 
ifk+Z> 1+ Zn, orif(kK - lb+ Z 
(l—n)>0. 


PROOF of Proposition 6: 

Differentiation of (18) shows that the ex- 
pression for y is either monotone increasing 
or decreasing in Z as (p,/ps)nk is less or 
greater than 1. In the former case, setting Z 
at its lower bound of O gives Ymin 
(p./ps)k. In the latter case, we require an 
upper bound on Z to calculate Y min- 

Together, (14) and (15) yield 


0> NS = NS 4+ NEZ = NS - Z°NE 


Thus Z? < NS/NE = £ pı 


and Z< 
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Substituting this upper bound for Z into 
(18) gives (19b). 

Differentiation of (19a) and (19b) shows 
that they are increasing functions of k. 


PROOF of Proposition 7: 
Equating p to (19a) trivially yields (20a). 
Equating p to (19b) and rearranging gives 


. * 
PL ke — p = (on ~ 1) er a Me 
Ps nps 


Squaring both sides, rearranging, and fac- 
toring reveals 


*_ negà Pu pe N) 2 oo 
PL Ps psn 
Since, in this case, (p./ps)nk > 1, (20b) 
follows. 


PROOF of Proposition 8: 
The first-order conditions for profit maxi- 
mal ps and p; are: 


OM LNS + (ps ~ NS + (pr - NG = 0 
Ops 
on _ N4 + (ps— c)NE + (PL — c)NE = 0 
OPL 


Solving these equations for ps — c and 
px — c yields (13), (14), and p = y. 


PROOF of Proposition 9: 

Note first that given (21), it is (1 — @) pz 
that must be covered by a library’s willing- 
ness to pay. Thus, 


(A6) W(m*) = (1 - @)pi 
Differentiation with respect to æ yields 


dW (m*) Opy(m*) | P 





(A7) dm* = OPu da 
da aW(m*) x aW(m*) dp,(m*) 
om Pu om 


Differentiation of (3) and use of (8) shows 
that 


aW(m) 





(A8) = —LR(m) 


Differentiation of (21) shows that, at a = 0, 
Opy(m)/da = p,/LR(m). Substituting this 
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and (A8) into (A7) establishes that at a = 0, 
am*/da = 0. 

Differentiation of (11) with respect to a, 
recognizing that now p, is the function of 
both œ and m given by (21), shows that at 
a=0,dV/da = 0 

Profit is now simply II = ps N° + p,N* — 
C(N5 + N+), where NS and N“ are given 
by (5) and (7), again remembering that (21) 
and (A6) give new interpretations to p, 
and m*. Here, in view of the fact that dm*/ 
da = 0, calculation shows that ata = 0, 
orl 


Ja F (ps — ¢)- 


J em f h(B, ps, m) f(m)dBdm = 


m* 


(A9) 


(Ps — ¢) Pt f mee 
h(B, ps,m) f(m)dBdm 


PS 


The number of marginal potential sub- - 
scribers in library m when p, = 0 is given by 


J h(B, ps, m)dB 
Ps 


Thus, under the hypotheses of the proposi- 


‘tion, ata = 0, dIl/da > 0. 


Let V* + II* denote the Ramsey-optimal 
level of net social welfare. Viewing a as a 
parameter of the Ramsey-optimization 
program, the envelope theorem implies that 
d(V* + Il*)/da = aV/da + (1 + A) 
(dI1/da«), where À is the positive Lagrange 
multiplier on the profit constraint and 
where the derivatives are evaluated at the 
optimal ps and pz. Since dV/da = 0, and 
since dII*/da = 0 because of the profit 
constraint, dV*/da = (1 + A)(@II/éa) > 
0, at a = 0. This proves the proposition. 


PROOF of Proposition 10: 

Consider an infinitesmal increase in p, 
from 0 accompanied by the decrease in p; 
which keeps m* unchanged. Along this 
path, 


- * 
Gio AE). 27 foe 
ap, m* ðm*/ðpı 
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“Calculating from (4) and (A8), 


am* _ LR(m*) 
er ap,  dW(m*)/am 


Using (A2) and (A11), (A10) becomes 





= —LR(m*) 


u | m* 


dp, 
Al2 — 
an $ 





. Differentiating (10) along this path by the 
chain rule yields 


Also, differentiating (10) directly along 
this path, at p, = 0, and recognizing that 
N* remains unchanged, gives 


Fe 


OP 


oll 


A13 
(A13) a, 








all , all eee 
+ — hance 
m” = apu Opt dp, 








u 


all 
(Al4) 5 


u | m* 


= ERT + N! [g 











+ (5-9 |! 





_Differentiating (6) and (7) and substituting 
these results and (A12) into (A14) yields 





(A15) a ~ LRT — N*LR(m*) + A 
where 
(A16) A = (ps - 0) 


f. J l h(B, ps, m). f (m)dBdm 


At the profit maximal ps and p; with p, = 
0, pee. a /dps = 0. Also, by hypoth- 
“esis, A > 0 and LR’ — NELR(m*) > 0. 
Tne equating (A13) and (A15) shows that 
all /dp, > 0. 

Now, consider increasing p, from 0, hold- 
ing p; constant, and changing ps at a rate 
dps/dp, < —LR™/N*. Then, at p, = 0, and 
with dIl/dps = 0, 
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Calculating from (11), and using (1), (2), 
and (9), 

aV = 
Pu 
So dV = dp,l-LR" — N*(dps/dp.)| > 0. 


Thus, there exist finite changes in p, and ps 
which increase both II and V. 


(A17) -LR" 


PROOF of Proposition 11: 
As in the proof of Proposition 9, applica- 
tion of the envelope theorem gives 
(A18) dV*/dp, = d(V* + D*)/dpu = 
aV/dp, + (A + 1)aIl/dp, 


Combination of (A12), (A13), and (A15) 
yields at p, = 0, 





(a19) 2 _ LR(m*) SL 
ap, ð 
+ LRT — NELR(m*) + A 
At the Ramsey optimum, 
(A20) -i +A D = 0 


Substituting ôV /ðp;, = e (A17), (A19), 

and (A20) into (A18) yields at p, = 0, 

dv* 
ap, 


By the hypotheses, this is positive, and the 
proposition follows. 


= LR" — N*LR(m*)} + (A + 1A 
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Unfulfilled Long-Term Interest Rate Expectations 
and Changes in Business Fixed Investment 


By JOHN C. WARNER* 


The interest elasticity of investment is 
one of the oldest and most important un- 
resolved issues in monetary theory. It is a 
key relationship in the most widely ac- 
cepted theory of how Federal Reserve ac- 
tions effect the economy.' Unfortunately, 
there is no consistent empirical verification 
of this relationship.? In spite of this lack of 
empirical support, the theoretical argu- 
ments for the interest elasticity of invest- 
ment are so strong that most experts of 
monetary theory continue to write books 
and advise the government on the basis of 
this relationship. Yet policy exercises are 
suspect in the absence of some knowledge 
of the slope of the investment function. The 
purpose of this article is to use an error- 
learning model to investigate the modifica- 
tion of business investment decisions in 
response to errors in long-term interest rate 
expectations. 


I. The Interest Expectations Error Hypothesis 


Typically an investment project requires 
two years for its planning.? Sometime dur- 
ing the planning stage the project is ana- 
lyzed for its economic feasibility. The test 
employed at this point dictates that the 
marginal efficiency of investment must ex- 
ceed the long-term interest rate.* All of the 
projects that pass the test are allowed to 
continue in the planning phase. It is impor- 
tant to note that the firm has not made an 
irrevocable decision to invest. Although an 
investment project can be postponed at any 


*Assistant professor of economics, Stockton State 
College. This article is a summarization of my dis- 
sertation research conducted at West Virginia Univer- 
sity under the direction of G. Richard Dreese. 

1See Warren L. Smith. 

2See Dale W. Jorgenson. 

3See Thomas Mayer, Table 4. 

4For a more detailed analysis of capital budgeting, 
see Ezra Solomon. 
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stage of the planning and construction 
process, for this study it will be assumed 
that projects can be postponed easily before 
the date of financing whereas projects are 
postponed much more reluctantly after the 
date of financing. If a firm finances an in- 
vestment project, this can be used as strong 
evidence that the firm is committed to the 
project. Mayer found that the completion 
of financing averages about three months 
prior to the start of construction (see his 
Table 4). Thus it is possible for marginal 
projects to be postponed immediately prior 
to the start of construction if the long-term 
interest rate is higher on the date of financ- 
ing than the long-term interest rate used on 
the date of the preliminary screening. The 
interest rate effect on investment can be 
made symmetrical by assuming that some 
projects, for which the marginal efficiency 
of investment is below the long-term inter- 
est rate, will be continued in the planning 
phase. Thus it is also possible that invest- 
ment projects might be reinstated if subse- 
quent to the preliminary screening, and 
before the final decision to invest, the long- 
term interest rate decreases.’ 

The change in the interest rate between 
the preliminary screening and the final 
decision to invest can be represented by 
expression (1), 


i aa i 
( 1 ) coda expected 
lexpected 


which will be called the interest expecta- 
tions error variable. It measures the percent 
error between the expected long-term in- 
terest rate on the screening date and the 
actual long-term interest rate on the date 
of financing. At the present time there is no 
empirical evidence available for measuring 
the time elapsing between the screening 


5See William H. White, p. 278. 
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date and the final decision to invest. Fur- 
thermore there is no evidence explaining 
how businessmen ascertain the interest rate 
which they expect to exist on the date of 
financing. The assumption was made that 
businessmen do not attempt to forecast the 
long-term interest rate and they just accept 
the actual long-term interest rate on the 
date of the preliminary screening as the 
credit markets best estimate of the future 
long-term interest rate. By adopting this 
assumption, the expected long-term interest 
rate can be represented as the actual interest 
rate lagged x quarters from the date of 
financing. The subscript variable x is the 
time lag in quarters between the preliminary 
screening date and the final decision to in- 
vest date. Expression (1) can be rewritten 
as (2) by adopting the convention that i o 
represents i uat on the date of financing and 
i,_, represents ispere ON the date of the pre- 
liminary screening. 


(2) ho 7 ix 
hx 

By experimenting with different values for 
x it was determined that the best first ap- 
proximation for the lag was five quarters.’ 
Future research shouid investigate the pos- 
sibility that the time lepse depends upon the 
type of investment project being under- 
taken. Ideally the time lapse should be 
represented as a weighted average of the 
time lapse for different investment projects. 

The dependent variable, represented by 
expression (3), measures the percent error 
between the summation of the investment 
projects that pass the preliminary screening 
and the aggregate level of final decisions 
to invest. 


Lisna — 1 pretimi 
3 ‘final preliminary 


preliminary 


6See Burton G. Malkiel, pp. 217-18. 

7One hundred and eight regressions of the complete 
mode] were run using different values for x and lags on 
the other variables in the model. With x = 5 the largest 
t-value was obtained for the coefficient for the interest 
expectations error variable. However, regardless of the 
value of x or the lags on the other variables, the coeffi- 
cient for the interest expectations error variable easily 
passed the test for statistical significance. 
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As an initial effort to identify an existing 
data series that can be used as a proxy mea- 
sure of final investment decisions (Zina), the 
unrealistic assumption was made that ac- 
tual investment (Isma) during a quarter is 
equal to the amount of final investment 
decisions (Zin) made during a quarter. At 
the theoretical level the two concepts are 
clearly not the same. That the dollar 
amounts are equal is correct only under 
the very restrictive condition that the back- 
log of capital appropriations does not 
change during the quarter. A more ac- 
ceptable proxy measure of final investment 
decisions will be presented in the next sec- 
tion. The variable to be substituted at this 
point, Loca (the amount of plant and equip- 
ment actually put in place during a quarter), 
should be understood to represent a mea- 
sure of final investment decisions. 

By allowing Isna to be represented by 
Lactualt-0s preliminary CaN be represented by 
Lexpected,t-0» Which is the result of an invest- 
ment anticipation survey. Businessmen are 
asked to predict in period t — 2 the amount 
of plant and equipment that will be put in 
place during period t — 0. This investment 
anticipation survey should be understood 
to be a proxy measure of the preliminary 
decisions to invest during the quarter. The 
substitutions yield expression (4), 


(4) Tactual.1-0 ~ 


I expected,t— 0 


expected,t -0 


which has been labeled the investment real- 
ization ratio by Robert Eisner. Within the 
context of this article it will be designated 
the conventional ratio of final to prelimi- 
nary investment decisions. í 
Expressions (2) and (4) are combined in 
equation (5) to specify the hypothesis that 
the conventional ratio of final to prelimi- 
nary investment decisions is a function of 
the interest expectations error variable. 
I, 


(5) actual,t-0 ~~ dl expected. 020 = b, h-o hs 


rece i= 0 Les 
The hypothesis to be tested empirically is 


that the regression coefficient 5, is negative 
and significantly different from zero. Ac- 
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cording to the marginal efficiency of invest- 
ment schedule, if 4) is greater than 
i-s» Lacmart-o Should be less than Fypected,t-0° 
In other words, if the interest expectations 
error variable is positive, the ratio of final 
to preliminary investment decisions should 
be negative. The coefficient b, is a measure 
of the modifying effect that interest expecta- 
tion errors have on business investment 
decisions. 


II. The Improved Ratio of Final to Preliminary 
Investment Decisions 


Equation (5) hypothesizes a behavioral 
relationship between the long-term interest 
rate and business investment decisions. The 
regression coefficient has been found to be 
not significant in previous studies for two 
reasons: 1) the construction of capital re- 
quires a period of time longer than one 
quarter, and 2) the capital-goods industry 
does not passively adjust the size of its out- 
put to changes in the rate of orders for new 
capital goods because of the associated ad- 
justment costs. An article by Shirley Almon 
demonstrates that actual investment for any 
quarter is a weighted average of capital 
appropriations for the previous eight quar- 
ters. Thus actual investment represents a 
stage of commitment beyond the immediate 
control of the investing firms. The dis- 
tributed-lag investment functions have 
made some progress in overcoming this 
obstacle, but there is one additional com- 
plication. The distributed-lag investment 
functions specify that the same proportion 
of investment projects are put in place dur- 
ing each quarter following the start of con- 
struction. The real world analogue of the 
fixed weight distributed-lag investment 
function is that the capital-goods producing 
industries exercise no control over their 
output, and that they automatically adjust 
output to any changes in the rate of new 
orders for capital goods. In the simplified 
world of elementary microeconomics ad- 
justment costs can be ignored, but in the 
real world decisions to alter output involve 
considerable cost and require time. In fact 


8See Edward Shapiro. 
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the capital-goods industry does not me- 
chanically adjust output to the rate of new 
orders. They allow the backlog of unful- 
filled orders to serve as a buffer between the 
flow of new orders and the flow of ship- 
ments. From the investing firm’s point of 
view, if the rate of new orders for any quar- 
ter exceeds the rate of actual investment, 
the difference will show up as an increase in 
the backlog of capital appropriations. The 
looseness of the connection between the 
new orders for capital and the actual output 
of the capital-goods industries has made the 
existence of a statistical relationship be- 
tween the interest rate and investment 
virtually indetectable. This deficiency can 
be remedied on the theoretical level by in- 
corporating into the neo-Keynesian trans- 
mission mechanism an explanation of how 
the capital-goods industries work down the 
backlog of unfilled orders. 

In the light of the above discussion the 
focus of this study will be shifted to show- 
ing that at least the rate of business invest- 
ment decisions is sensitive to the long-term 
interest rate. At the present, the best we can 
say is that in some loose and vague manner 
an increase in the new orders for capital 
goods is translated into an increase in the 
output of capital goods. Frank de Leeuw 
has demonstrated that actual investment 
plus the change in the backlog of capital 
appropriations during the quarter is an ac- 
curate measure of business investment de- 
cisions during the quarter. Expression (6) 
is called the improved ratio of final to pre- 
liminary investment decisions. It differs 
from expression (4) through the inclusion 
of the backlog of capital appropriations 
(BCA,_9). 


(6) 
CT actuat.1-0 a Texpectedi-0) F (BCA, -o x BCA,_,) 


I expected, t—0 





Plugging the appropriate data into ex- 
pressions (4) and (6) yields the conventional 
and improved ratios of final to preliminary 
investment decisions, respectively. Figure 1 
dramatically illustrates that the volatility of 
business investment decisions are damped 
by the gradual output changes of the capi- 
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FIGURE 1. Conventional and Improved Ratios of 
Final to Preliminary Investment Decisions 


tal-goods industries. By measuring invest- 
ment instead of investment decisions, pre- 
vious studies have eliminated much of the 
variation that econamic theories of busi- 
ness investment behavior purport to ex- 
plain. Upon reflection it is not hard to 
understand why an empirically validated 
relationship between interest and invest- 
ment has been so difficult to establish. 

As a brief exercise to reaffirm the efficacy 
of capital theory and to demonstrate the 
conceptual superiority of the improved 
ratio over the conventional ratio as an in- 
dicator of business investment decisions, a 
couple of important periods in the eco- 
nomic history of the United States have 
been chosen for analysis. In 1954 the In- 
ternal Revenue Code was revised and the 
excess corporate profits tax was repealed. 
The net result was a substantial reduction 
in the effective corporate profits tax rate. 
According to the present value formula, 
when the tax rate is reduced, more invest- 
ment projects pass the test for economic 
feasibility. A comparison of the ratios for 
1955 clearly shows that the increase in the 
flow of new orders greatly exceeded the 
ability of the capital-goods industry to keep 


pace. The conventional ratio reaches a peak 
of 8.6 percent in the fourth quarter of 1955. 
The improved ratio reaches a peak of 63.1 
percent in the third quarter of 1955. During 
this time period sales were increasing and 
the interest rate was declining, but the sub- 
stantial reduction in the tax that corpora- 
tions expected to pay on profits must be a 
major factor in accounting for the robust- 
ness with which businesses modified their 
decisions to invest. 

The second significant event in the recent 
economic history of the United States was 
the credit crunch of 1966. During 1966 the 
long-term interest rate rose by almost 100 
basis points. The conventional ratio regis- 
tered virtually no change whereas the im- 
proved ratio dropped from 20 percent in the 
first half of 1966 to 2 percent in the second 
half of 1966. The improved ratio indicates 
that the credit crunch was having a signifi- 
cant impact on the investment decisions of 
manufacturers. The gross movement of the 
improved ratio’s time pattern is more com- 
patable with economic intuition than the 
conventional ratio’s time pattern. For the 
purpose of verifying the hypothesized be- 
havioral relationship between the interest 





VOL. 68 NO. 3 


rate and investment decisions, the improved 
ratio is clearly superior. 


III. Additional Determinants of Investment: 
Sales and Taxes 


Many studies of investment behavior 
have found that output is a significant de- 
terminant of investment.? The change in 
sales is the output variable chosen for this 
model. The symbol S in expression (7) 
represents quarterly sales. Thé subscript y 
represents the interval in quarters that busi- 
nessmen use for making comparisons of 
sales. By substituting various values for y, 
it was determined that y equals four pro- 
vided the highest t-value for the sales 
change variable. The four-quarter lag seems 
reasonable because changes in sales over a 
shorter time period are probably perceived 
by businessmen as the result of temporary 
oz seasonal factors, whereas a four-quarter 
change in sales probably indicates a more 
permanent shift in necessary capacity. 


(7) Si_o z Siy 


Sty 

A third determinant of investment is the 
corporate income tax. A preliminary regres- 
sion revealed that changes in the effective 
corporate income tax rate were not signifi- 
cantly correlated with the improve ratio. 
Allowance for the drastic change in the tax 
rate in 1954 was incorporated into the 
model by creating dummy variables for the 
second, third, and fourth quarters of 1955. 


The final form of the equation to be tested. 


is presented in equation (8). 
(8) 


(CLoctual,t-0 ae expected,t-0) + (BCA,_o T BCA,_,) 


I expectedt—-0 


>See Jorgenson. 
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T = 1; II, II, IV Quarters of 1955 
T = 0; otherwise 


The letter a stands for the constant and e is 
the stochastic term. The hypothesis to be 
tested with respect to the sales change and 
tax variables are that b, and b, are positive 
and significantly different from zero. 


IV. Statistical Techniques and Data 


The coefficients in equation (8) could be 
estimated by ordinary least squares regres- 
sion but this would require the assumption 
that businessmen respond to errors in in- 
terest rate expectations and changes in sales 
within one quarter. The Almon lag tech- 
nique was used to determine the length of 
the adjustment lag and the size of the 
weights within the lag period.’ The proce- 
dure for determining the length of the lag 
is to specify a long lag and compute the 
weights. If any of the weights are negative, 
a shorter lag is specified by one-quarter in- 
crements until the negative weights disap- 
pear. This occurred for both the interest ex- 
pectations error variable and the sales 
change variable at t — 3. The final form of 
the equation including the adjustment lag is 
presented in equation (9). A polynomial of 
degree four was used to generate the 
weights of the investment decision lag. 

In preliminary trials of the model there 
was a significant amount of autocorrelation. 
Therefore the Cochrane-Orcutt iterative 
procedure was used to eliminate the possi- 
bility that autocorrelated disturbances 
might cause an underestimation of the 
sampling variance and thus deceptively in- 
crease the probability that the regression 
coefficients might pass the test for statistical 
significance,!! 


(9) 
Cectual,t—0 ae expected, t—0) + (BCA\_6 +e BCA,_1) 
Iexpected,1-0 
3 j ; 
= a + b>, Wy om T hos-m h-s-m + 
m=0 h-5-m 


10See Jan Kmenta, pp. 492-95. 
l See J. Johnston, pp. 204-06. 
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+h), p Ston Sit hT $e 


n=0 rey eae 


T = 1; II, UI, IV Quarters of 1955 
` T = 0; otherwise 


The data used to measure [peuai,t-o0 Were 
obtained from Genevieve Wimsatt and 
John Woodward.'* The data series con- 
tained expenditures for nonmanufacturing 
as well as manufacturing industries. Since 
data on the backlog of capital appropria- 
tions are available only for manufacturing 
industries, the decision was made to include 
only manufacturing investment in the im- 
proved ratio of final to preliminary invest- 
ment decisions. 

The data for ferrecteat-0 Were obtained 
from Wimsatt and Woodward.” The OBE- 
SEC survey asks businessmen to estimate 
the amount of investment that they expect 
to be completed two quarters in the future. 
The data reported in this survey are con- 
ceptually consistent with the actual manu- 
facturing investment data reported in Wim- 
satt and Woodware (“Part I’). 

Due to the time necessary to produce 
capital and the institutional arrangements 
for making payments on acquired capital, 
there is a lag between the date that funds 
are appropriated for specific investment 
projects and the date that the funds are 
actually spent. The National Industrial 
Conference Board conducts a survey among 
manufacturing firms at the end of each 
quarter to determine the amount of funds 
that have been appropriated but not spent. 
These amounts are aggregated and pub- 
lished in the Business Conditions Digest 
(BCD) as the backlog of capital appropria- 
tions.'* In order to convert this stock mea- 
sure into a flow, the quarter-to-quarter 
changes in the backlog were calculated. 

The data representing the long-term in- 
terest rate in equation (9) were obtained 
from the 1951 through 1970 issues of the 
Survey of Current Business. The raw data 


See their “Part I,” Table 3, pp. 32-33. 
13 See their “Part II,” Table 3, pp. 32-35. 
14See BCD, p. 104. 
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were Moody’s composite index reported as” 
a monthly average. For use in this model 
the monthly data were converted into quar- 
terly averages. 

The data for manufacturing sales were 
obtained from the BCD, p. 104. The inser- 
tion of a dummy variable to account for the 
tax change in 1954 was based upon an ac- 
count of The U.S. Economy in the 1950's by 
Harold Vatter. The data available for all of 
the variables were sufficient to allow for 
sixty-four quarterly observations of the im- 
proved ratio of final to preliminary invest- 
ment decisions. The time period covered by 
the study begins with the third quarter of 
1954 and ends with the second quarter of 
1970. 


V. Empirical Results 


The statistical results for equation (9) are 
reported in Table 1. The coefficient of de- 
termination adjusted for the degrees of 
freedom is .8505. This indicates that the 
proportion of variation in the improved 
ratio which is explained by the independent 
variables is substantial, The value of rho is 
.501. Rho is the coefficient of simple correla- 
tion between the disturbance term and the 
disturbance term lagged one quarter. The 
Chochrane-Orcutt iterative technique cal- 


_culates rho in order to eliminate any first- 


order autocorrelation. The Durbin-Watson 
statistic fell within the range where we can 
accept the null hypothesis that there is no 
autocorrelation. The standard error of the 
estimate is .0734. 

The critical r-value for a one-tail test with 
58 degrees of freedom at the 5 percent level 
of significance is 1.68. The t-values for the 
coefficients b, b,, and b, indicate that all of 
the independent variables are significantly 
correlated with the improved ratio. The 
coefficient b, which relates errors in long- 
term interest expectations to modifications 
of business investment decisions is — 1.5487. 
The numerical interpretation is that if the 
interest rate increases 10 percent, manufac- 
turers will decrease their decisions to invest 
by 15.5 percent. This estimate of the interest 
impact on investment decisions is much 
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TABLE 1—REGRESSION RESULTS FOR EQUATION (9) 
Weights 
Independent 
Variable Coefficient t-value t-—0 t-1 t-2 t—3 

Interest Expectations 

Error — 1,5487 — 5.8968 15.9 17.3 28.5 38.3 
Sales Change 2.0644 5.1598 36.6 23.1 16.6 23.7 
Tax Change .2157 3.4675 
Constant .0200 .6601 
R? = 8505 
S.E. = 0734 
Rho = .501 
D.W. = 2.30861 


aShown in percent. 


larger than any estimates reported in nu- 
merous previous studies. This can be ex- 
plained by referring to two unique features 
of the model: 1) the dependent variable was 
designed to be sensitive to business invest- 
ment decisions, and 2) a more realistic time 
pattern of the investment decision-making 
process was incorporated into the model. 
The weights of the distributed lag indicate 
that an error in interest expectations has 
15.9 percent of its total impact on invest- 
ment decisions in the current quarter and 
17.3, 28.5, and 38.3 percent of its impact in 
the first, second, and third lagged quarters, 
respectively.!5 

The coefficient for the sales change vari- 
able is positive and statistically significant. 
The weights for the distributed lag indicate 
that a change in sales had 36.6 percent of 
its impact in the current quarter and 23.1, 
16.6, and 23.7 percent of its impact in the 
first, second, and third quarters, respec- 
tively, 

The dummy variable representing the 
change in the corporate income tax rate is 
also statistically significant. The value of 


5In the light of the slow grinding process of for- 
malized organizational decision making, it is not un- 
realistic to report that it can take up to three quarters 
for some companies to act on a decision after it has 
been made. See Glenn A Welsch. The time is probably 
necessary to coordinate the capital expenditures bud- 
get with all of the other functional activities of the 
firm. 








the coefficient indicates that a large part of 
the surge in business investment decisions 
in the last three quarters of 1955 was at- 
tributable to the tax reduction.!® 

The coefficient for the constant was not 
significant, thus we must accept the null 
hypothesis that the constant is zero. The 
fact that the constant is approximately 
zero supports the decision to use the OBE- 
SEC investment anticipation survey as the 
base upon which to calculate the improved 
ratio. 

On Figure 2 the actual and predicted 


16The main reason for the dummy variable is that 
something extraordinary happened which caused in- 
vestment decisions in the last three quarters of 1955 
to increase more than can be explained by the interest 
and sales variables. Using the present value formula 
as a guide to the potential determinants of investment 
and reviewing the economic history of that period it 
was concluded that the significant reduction in the 
effective corporate income tax was the only defensible 
explanation. If the purpose of this article had been to 
analyze the impact of the corporate income tax on 
investment, this point would have been treated more 
extensively. The addition of the dummy variable im- 
proves the fit of the predicted ratios to the actual 
ratios but does not bias the regression coefficients on 
the interest or sales variables nor their statistical tests 
for significance. Regardless of the reason for inserting 
the dummy variable if it was not appropriate the co- 
efficient would not have been statistically significant. 
Exclusion of the dummy variable would have incor- 
rectly attributed the dummy variables explanatory 
power to the two variables, interest and sales, which 
would have biased the coefficients, their statistical 
tests, and the lag structure. 
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Ficure2. Improved Ratios of Final to Preliminary Investment Decisions 


values of the improved ratio have been 
plotted. The close fit provides visual con- 
firmation that the model has been correctly 
specified. In anticipation of the criticism 
that the model was tailored to fit the data, I 
attempted to predict the improved ratio for 
the period from the third quarter of 1970 to 
the first quarter of 1973. The standard error 
of the estimate for the predictions using 
extra-sample data was .0797. This does not 
differ substantially from the standard error 
of estimate (.0734), for the model using 
within-sample data. 

The improved ratio derives most of its 
variability from the change in the backlog 
of capital appropriations. A simple test was 
constructed to determine if the quarter- 
to-quarter change in the backlog of capital 
appropriations could be explained by the 
interest expectations error hypothesis. The 
coefficient of simple correlation was cal- 
culated for the change in the backlog of 
capital appropriations, expression (10) and 
the interest expectations error variable, ex- 
pression (11). The t-value was computed to 
be — 6.4663, which is significant at the 5 
percent level. 


BCA,_5 — BCA,_, 
(10) BCA,., 
ll h3 — ig 
(il) aes 
r = —.6199 


VI. Conclusion 


The fact that the capital goods industry 
allows the backlog of capital appropriations 
to act as a buffer between new orders for 
capital and the shipment or construction of 
capital substantially weakens the observ- 
able relationship between the changes in the 
long-term interest rate and changes in ac- ` 
tual investment. In the absence of some in- 
termediate mechanism which explains how 
the capital goods industry works down the 
backlog of orders, econometric tests of the 
interest elasticity of investment will be mis- 
leading. The model developed for this 
article bypasses the construction lag prob- 
lem by including the change in the backlog 
of capital appropriations in the dependent 
variable. The second important innovation 
of the model is that explicit recognition is 
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given to the timing of the investment deci- 
sion-making process. Received economic 
theory did not help much in this area. The 
appropriate lag structure was determined 
by a process of introspection and experi- 
mentation.” 

The potential uses of the model are far 
from being exhausted. The interest effect on 
investment for nonmanufacturing sectors as 
well as numerous subcategories of the busi- 
ness sector remain to be investigated. Addi- 
tional variables such as the tax rate, con- 
struction cost, and capacity utilization can 
be added to the model. Since capital is not 
a homogenous good, disaggregating capital 
according to type of capital or expected life 
should improve the accuracy of estimates of 
the interest effect on investment. 

The results reported in this study dem- 
onstrate that the model is operational and 
that business investment decisions are sen- 
sitive to the long-term interest rate. Before 
any policy implications can be drawn, how- 
ever, the transmission mechanism of mone- 
tary policy will have to be studied in much 
greater detail. Further research along the 
lines pointed out in this article could sub- 
stantially increase our knowledge of the 
channels through which Federal Reserve 
actions exert their impact upon the econ- 
omy. 


17 This lag is attributable to the fact that the in- 
vestment decision-making process is so complex that a 
substantial period of time is required for the pro- 
fessional staffs to analyze the numerous aspects of a 
project, see Welsch. The investment decision-making 
process hypothesized in Section I reflects the business 
sectors most efficient tradeoff between the pressure to 
economize on professional staff and the necessity for 
corporations to effect a response to changing condi- 
tions in a competent and timely manner. 
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Estimation of Complete Demand Systems 
from Household Budget Data: The Linear 
and Quadratic Expenditure Systems 


By ROBERT A. POLLAK AND TERENCE J. WALES* 


In this paper we explore two issues in 
empirical demand analysis—the estimation 
of complete systems of demand equations 
using household budget data (Section I), 
and the incorporation of demographic char- 
acteristics into such systems (Section H). 
Although there are numerous studies which 
use time-series data to estimate complete 
demand systems, and many which estimate 
Engel curves from household budget data, 
there are virtually none which combine 
budget data from different periods to esti- 
mate complete systems. Since each budget 
study corresponds to a single price situa- 
tion, one might conjecture that estimation 
of complete systems would not be possible 
unless budget studies were available from 
a large number of periods. This is incorrect. 
In Section I we argue that interesting com- 
plete demand systems can be estimated 
from a small number of budget studies, 
despite the limited price variability repre- 
sented in such data. To demonstrate this, 
we use budget study data for two periods to 
estimate a pair of related demand systems: 
the familiar linear expenditure system (LES) 
and a quadratic expenditure system (QES), 
a generalization of LES in which the de- 
mand equations are quadratic in total ex- 
penditure.! 

The inclusion of demographic variables 
in the analysis of household consumption 
patterns is desirable because there are likely 


*University of Pennsylvania and University of 


British Columbia, respectively. Pollak’s research was - 


funded in part by the National Science Foundation 
and Wales’ research was funded in part by the Canad. 
Council. : 
\To the best of our knowledge, there are only two 
previous studies which estimate complete demand sys- 
tems from household budget data. Kotaro Tsujimura 
and Tamotsu Sato use Japanese budget data for the 
period 1951-60 to estimate a dynamic version of the 
LES: they first estimate Engel curves separately for 
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to be systematic differences in the consump- 
tion behavior of households with different 
demographic characteristics. But the effects 
of demographic characteristics have seldom 
been studied within the framework of com- 
plete demand systems. In Section II we pro- 
pose “translating” as a general method for 
incorporating demographic variables into 
complete systems of demand equations. 
This method has, not previously been dis- 
cussed as a general technique for bringing 
demographic variables into demand sys- 
tems, although it has been employed in 
several studies. To improve the estimates 
of the LES and the QES presented in Sec- 
tion I, we reestimate these two systems us- 
ing translating to incorporate family size. 


I. Estimation from Household Budget Data 


In this section we discuss the use of house- 
hold budget data from as few as two dis- 
tinct price situations to estimate complete 
systems of demand equations. In particular, 
all of the 2n — 1 independent parameters of 
the familiar LES are identified by two 
periods of household budget data, as are the 
3n — l independent parameters of the QES 
we estimate, a generalization of the LES in 
which the demand equations are quadratic ~ 
in total expenditure. That is, both of these 
systems of demand equations are fully iden- 
tified using budget study data from two 
periods, even though such observations cor- 
respond to only two sets of prices. 

Household budget data record what each 
household in a sample spent on various 





each year, and then use the coefficients to estimate the 
complete system for the entire period. Paul Deuster 
uses Indonesian data from two periods to estimate the 
LES. We are grateful to A. S. Goldberger for bring- 
ing Deuster’s work to our attention. 
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consumption categories during a particular 
time period, as well as household income 
(perhaps broken down by source) and 
various demographic characteristics.2, We 
assume that all households in a budget 
study for a particular period face the same 
prices? A “quantity index” for each con- 
sumption category is obtained by dividing 
expenditure on the category by the cor- 
responding price index. These quantity in- 
dexes are the empirical counterparts of the 
“goods” of traditional demand theory. 

A complete system of demand equations 
describes the household’s allocation of ex- 
penditure among some exhaustive set of 
consumption categories. It does not explain 
the division of “income” between “saving” 
and “consumption expenditure,” nor the 
division of consumption expenditure be- 
tween the included set of consumption cate- 
gories and other consumption categories. A 
complete system of demand equations is 
said to be “theoretically plausible” if it is 
derivable from a “well-behaved” utility 
function, or, equivalently, if the demand 
equations are homogeneous of degree zero 
in prices and total expenditure, and the im- 
plied Slutsky matrix is symmetric and nega- 
tive semidefinite. We are concerned with 


2In practice published data often group households 
by income class and report the mean expenditure on 
each consumption category for each income class, We 
treat household budget data as if they reported 
separately the behavior of each household in the 
sample; in fn. 16 we briefly discuss the complications 
of dealing with data which report only class means. 

3if different households in the budget study face dif- 
ferent prices (and if price data are available) then esti- 
mating complete demand systems using budget data is 
not very different from using time series. If, for ex- 
ample, the sample consists of households from dif- 
ferent cities or regions, and if city or regional price 
data are available, then the fact that the data come 
from budget studies does not imply that price variation 
over the sample is severely limited. Examples of the 
use of regional price data in empirical demand 
analysis include James Dusenberry and Helen Kistin; 
Constantino Lluch; Lawrence Lau, Wuu-Long Lin, 
and Pan Yotopoulos. Further, even without regional 
price differences, the households in a budget study 
usually face different wage rates, Treating leisure as a 
good, Roger Betancourt used this fact to estimate a 
complete demand system (the LES) for Chile from 
data which exhibited no variation in the prices of con- 
sumption goods. 
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estimating complete systems of theoretically 
plausible demand equations from data 
which exhibit very little price variation, 
namely, household budget data from a 
small number of periods. When budget data 
are available for a large number of periods 
the estimation problems are essentially the 
same as with conventional time-series data. 

We have ignored consumer durables in 
our analysis and focused on the allocation 
among a particular set of nondurable con- 
sumption categories of total expenditure 
on these categories. Underlying this pro- 
cedure is the implicit assumption that non- 
durables are separable from the services of 
durables in the household’s preference or- 
dering. Consumption of the services of con- 
sumer durables can, under stringent as- 
sumptions (for example, perfect capital and 
second-hand markets), be disentangled 
from the full intertemporal allocation 
model and treated in the theoretical frame- 
work of one-period demand analysis. But 
even if we were willing to make the necessary 
assumptions, our data, which record pur- 
chases of durables but not stocks of dur- 
ables held by households, would not support 
estimation. 

Demographic characteristics such as 
family size are usually reported in house- 
hold budget studies. We discuss the treat- 
ment of demographic variables in Section II; 
in this section we assume that the households 
in the sample do not differ in those demo- 
graphic characteristics which affect tastes. 
Hence, random variations aside, all house- 
holds in the sample have identical demand 
functions.‘ 

For any demand system, household bud- 
get data for a single period identify the in- 
come-consumption curve corresponding to 
that period’s prices, and each additional 
budget study identifies an additional 
income-consumption curve. Hence, two 
budget studies are sufficient to identify 
those systems of demand equations which 
are completely determined by two income- 


4The assumption of a homogeneous sample is not 
as restrictive as it might at first appear, since it is al- 
ways possible and sometimes desirable to focus on 
homogeneous subsamples. 
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consumption curves. In general, whether a 
particular demand system can be estimated 
fram T periods of household budget data 
depends on the number of goods as well as 
the general form of the demand equations. 
In systems like the translog (see Laurits 
Christensen, Dale Jorgenson, and Lau), 
or that derive from a quadratic direct 
utility function (see Leon Wegge), the num- 
ber of parameters increases very rapidly 
with the number of goods, while in other 
systems, such as the LES or the QES, the 
number of parameters goes up less rapidly 
(linearly) with the number of goods. 

The LES is a familiar system of demand 
equations which can be estimated from two 
periods of budget data. The demand equa- 
tions corresponding to the LES (in expendi- 
ture form) are given by 


(1) 
PiXi 
Za, 


PAP, u) = pib; + alu — Èpibi) 
l 


Il 


where x; denotes the quantity of the ith 
good, p; its price and u total expenditure on 
the n goods, hereafter referred to as “ex- 
penditure.”> The system has 2n — 1 in- 
dependent parameters ((n — 1)a’s and nb’s) 
and is generated by the indirect utility 
function® 


(2) Y (P, u) = — 


A household whcse demand equations 
are of this form is cften described as first 
purchasing “necessary,” ‘‘subsistence,” or 
“committed” quantities of each good (the 
b’s) and then dividing the remaining or 
“supernumerary” expenditure among the 


5Because we are dealing with household budget data 
which group households by income class, we distin- 
guish between income and expenditure, where the 
latter is shorthand for “total expenditure on the con- 
sumption categories we are considering.” Somewhat 
inconsistently, we defer to established usage and refer 
to “income-consumption curves” rather than ‘“‘ex- 
penditure-consumption curves.” i 

éWe write the indirect utility function in this form to 
facilitate comparison with the QES we estimate, (4). 
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goods in fixed proportions (the a’s). In the 
LES, the “marginal budget shares’’—the 
fractions of an additional dollar of expendi- 
ture spent on each good—are independent 
of prices and expenditure and are equal to 
the a’s.’ 

In the LES, household budget data for a 
single period identify the a’s; this follows 
from the fact that for any demand system 
such data identify the income-consumption 
curve corresponding to the period’s prices, 
and hence the marginal budget shares at 
every level of expenditure. In the LES, the 
marginal budget shares are independent of 
the level of expenditure and are equal to the 
a’s. If one of the b’s is known a priori, then 
budget data for a single period is enough to 
identify not only the a’s, but also the re- 
maining (n — 1)b’s.° Even if none of the b’s 
are known a priori, budget data for two pe- 
riods identify all of the parameters of the 
LES. Data from each period identify the 
corresponding income-consumption curve, 
and the intersection of the two linear in- 
come-consumption curves uniquely deter- . 
mines the point (b,,...,5,). 

The QES (see Howe and the authors) is 
the class of demand systems which are 
quadratic in expenditure and which reduce 
to the LES for certain parameter values; 
marginal budget shares may vary with both 


7The demand equations (1) are defined only in the 
region of the price-expenditure space for which they 
imply nonnegative consumption of every good. 
Regularity conditions require each x; to be greater 
than the corresponding 5;, but they do not require the 
b's to be nonnegative (see Pollak, 1971). Demand is 
inelastic for positive b’s and elastic for negative b’s. 
The subsistence quantity interpretation of the 6’s 
breaks down when some of them are negative, and 
hence it is not appropriate to describe the LES in 
terms of subsistence quantities unless the b’s are as- 
sumed to be nonnegative. We prefer to regard the 
signs of the b’s as empirical questions, and we find that 
they are sometimes negative (see below and the Ap- 
pendix). 

8Howard Howe (1975) has shown that the identifica- 
tion of the parameters of Lluch’s (1973) extended 
linear expenditure system can be interpreted in pre- 
cisely these terms: Lluch’s specification implicitly 
assumes that the & associated with saving is zero. 
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prices and expenditure.’ In this paper we 
estimate the QES whose demand equations 
(in expenditure form) are given by 


(3) 

PiX: = pih (P, u) = pib; + alu — = prb) 
+ (c aanp (u — È pibe) 
Za, = 1, Zc, = 1 


Hereafter, we shall use the term QES to 
refer to this particular system, rather than 
the entire class. If cç; = a, for all i, then the 
quadratic terms Vanish and the QES re- 
duces to the LES. The QES has 3n — | in- 
dependent parameters ((n — l)a’s, (n — 1) 
c’s, nb’s, and one A) and is generated by the 
indirect utility function 


I py 


4) E(P, u) = -— 
(4) VCP, n) TA 


+A 





The analogy with the LES suggests that the 
b’s should not be described as subsistence 
quantities and (u — 2p,b,)—the amount 
left over after purchasing the “necessary 
basket”—as supernumerary expenditure, 
because this interpretation of the 6’s breaks 
down when some of them are negative. 

The marginal budget shares of the QES 
are given by 


(5) PhP, u) = 


a, + (c — a,)AT py * (u — È prb) 
They depend on all prices and expenditure, 
and on all of the parameters of the system 
(except in special cases). Unlike the LES, 
the relationship between the underlying 
parameters and the marginal budget shares 
is not a simple one, and no parameters of 
the system are identified by a single budget 
study,!° 


9Howe and the authors obtain a closed form char- 
acterization of the class of theoretically plausible de- 
mand systems which are quadratic in expenditure and 
estimate a QES using WS. time-series data for the 
postwar period. . 

l0But if the marginal budget shares are independent 
of expenditure, the system reduces to the LES and the 
a’s are identified by a single budget study. 

1 
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Analytic regularity conditions for the 
QES have not been derived, but it is pos- 
sible to determine whether a particular QES 
satisfies the regularity conditions at a point 
in the price-expenditure space by evaluating 
the Slutsky matrix and observing whether 
it is negative semidefinite at that point.!! 

Budget data for two periods identify all 
of the parameters of the QES. The follow- 
ing heuristic argument, although not for- 
mally decisive, indicates why. Data from 
each period identify the income-consump- 
tion curve corresponding to that period’s 
prices, and since all income-consumption 
curves radiate upward from the point 
(b,,...,0,), the intersection of two income- 
consumption curves determines the point 
(b,,...,0,). Estimates of the b’s enable us 
to calculate supernumerary expenditure, 
(u — È p,b,), for each household in each 
period. The a’s are the coefficients of super- 
numerary expenditure, while the c’s and A 
can be disentangled from the coefficients of 
(u — È pib)” 

In contrast to the LES and QES which 
can be estimated from two cross sections, 
in the translog demand system the number 
of budget studies needed to estimate all of 
the parameters varies with the number of 
goods (n). In particular, it can be shown 
that M cross sections provide enough infor- 
mation to permit estimation of a translog 
system with at most n + 1l + M(n - 1) 
parameters, while the nonhomothetic trans- 
log system contains (n? + 3n — 2)/2 in- 


1A straightforward continuity argument shows that 
the QES is a nontrivial generalization of the LES: if 
the a’s and #’s are such that the associated LES 
satisfies the regularity conditions at a point in the 
price-expenditure space, then, for values of the c’s suf- 
ficiently close to the corresponding a’s, the QES also 
satisfies the regularity conditions at that point. 

'2More formally, suppose that we rewrite (3) as 
PiX; = Oy; + Baye + bzi? and estimate the @’s for 
n — 1 goods in both periods. Then it is easy to show that 
after substituting the #3; values into the #2; values we 
can obtain estimates of the a’s, and of 2p,b, for both 
periods. Using these we can then obtain estimates of 
the individual 6’s from the @,; values, and estimates of 
the c’s and À from the 63, values. 

13See Lau, Lin, and Yotopoulos for estimates of a 
translog for Taiwan based on household budget data. 
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dependent parameters. Hence, two cross 
sections are sufficient to identify the trans- 
log with two or three goods, but not the 
translog with four or more goods; three 
cross sections identify it with four goods, 
but not with five or more. 

We have estimated the LES and QES 
using data from two budget studies. The 
data are reported in the Family Expenditure 
Survey series, an annual publication which 
reports income and expenditure patterns 
of households in the United Kingdom, We 
use data for the two years 1966 and 1972 
(see Department of Employment and Pro- 
ductivity 1966, Tables 5-7; 1972, Tables 
11-13), since this represents the longest 
interval over which the family size char- 
acteristics are defined consistently.'* To 
simplify the computations, we have ana- 
lyzed only three consumption categories, 
“food,” “clothing,” and “miscellaneous.” > 
Current expenditures on these categories 
were obtained directly from the surveys, 
and the corresponding price indexes from 
National Income and Expenditure 1964-74 
(see Central Statistical Office, Tables 29, 30). 

The Family Expenditure Survey cross 
classifies households by income and family 
size. For 1966, it reports mean expenditure 
on each consumption category by families 
in four income classes and three family size 


14We discuss this in Section H, fn. 25. 

15Qur food category does not include alcoholic 
drink. Our clothing is officially “‘clothing and foot- 
wear.” Our miscellaneous is the sum of two categories 
from the survey, “other goods” and “services.” The 
principal subcategories cf other goods are: “leather, 
travel and sports goods; jewelry; fancy goods, etc.,” 
“books, magazines and periodicals,” “toys and sta- 
tionery goods, etc.,” and “matches, soap, cleaning ma- 
terials, etc.” The principa! subcategories of services are 
“radio and television, licenses and rentals,” ‘“educa- 
tional and training expenses,” and “subscriptions and 
donations; hotel and holiday expenses; miscellaneous 
other services.” The survey reports seven major ex- 
penditure categories which we have omitted entirely: 
“housing,” “fuel, light, and power,” “alcoholic 
drink,” “tobacco,” “durable household goods,” 
“transport and vehicles,” and “miscellaneous.” Our 
three categories of food, clothing, and miscellaneous 
account for between 46 and 58 percent of total con- 
sumption expenditures. 
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classes: “one child,” “two children,” and 
“three or more children.” For 1972, we use 
the six income classes for families with one 
child and two children, five income classes 
for families with three children, and three 
income classes for families with “more than 
three children.” The survey reports mean 
consumption expenditure on each category 
for each of these thirty-two cells, and we 
have treated these as our basic data. Fur- 
thermore, we have treated them as if they 
represented the consumption patterns of 
households rather than cell means.'® 

We obtain a stochastic form for the LES 
and QES by adding a disturbance term to 
the share form of each demand equation, 
where the share forms are obtained by 
dividing the expenditure forms (1) and (3) 
by expenditure. We used the share forms 
because they are likely to involve less 
heteroskedasticity than the expenditure 
forms. We denote the 3 x 1 vector of dis- 
turbances corresponding to the ith cell by 
e; = (ên, €n, €) and assume that E(e,) = 0, 
that E(e,e/) = Q for all i, and that the e; 
are independently normally distributed. ` 
Since the dependent variables and the non- 
stochastic terms in the equations are shares 
and add to one for each cell, the covariance 
matrix is singular. Hence maximum likeli- 
hood estimates of the system can be ob- 
tained by minimizing the determinant of 
the sample error covariance matrix with 
respect to the parameters after dropping 
any equation. 

Estimates of the LES and QES param- 
eters based on the data just described are 


16Since our consumption data are cell means rather 
than observations on individual families, an aggrega- 
tion problem arises. With the LES, it causes no dif- 
ficulty because the mean consumption pattern of a 
group is the consumption pattern corresponding to the 
group’s mean expenditure. But with the QES, the 
mean consumption pattern of a group depends on the 
variance as well as the mean of the group’s expendi- 
ture. Unfortunately, we do not know these variances, 
so, faute de mieux, we have treated the reported cell 
means as if they were observations on individual 
families. Aggregation of demand systems quadratic in 
the independent variable is discussed by Lawrence 
Klein, pp. 25-26, and W. E. Diewert, pp. 129-30. 
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TABLE 1—-MARGINAL BUDGET SHARES AND OWN-PRICE ELASTICITIES FOR THE LES AND THE QES 
AT 1972 PRICES WITH TASTES INDEPENDENT OF FAMILY SIZE 




















Expen- QES Marginal Budget Shares QES Own-Price Elasticities LES Own-Price Elasticities 
diture 
(S/Week) Food Clothing Misc. Food Clothing Misc. Food Clothing Misc. 
225 46 26 .28 —.42 —.10 —.23 -51 —.75 — 1.02 
325 .40 :23 .37 —.54 —.54 —.17 ~.61 —.85 — 1.00 
425 34 .20 46 ~.71 —.79 -1.53 —.67 —.89 —1.00 
525 .29 17 54 — 93 —.99 -2.24 ~.72 -.91 - 1.00 
625 23 14 63 —1.19 1.20 —2.86 —.75 — .93 — 1.00 
725 17 ll 72 -149 —-1.43 —3.39 ~.78 —.94 — 1.00 





Note: The sample expenditure range in 1972 is 232-684 


S/week. For the LES the corresponding marginal budget 


shares are independent of expenditure and are .35, .20, and .45. 


presented in the Appendix. These estimates 
are based on the assumption that the thirty- 
two “families” have identical tastes, an as- 
sumption we drop in Section II when we 
discuss the treatment of demographic vari- 
ables. The Slutsky matrix implied by our 
parameter estimates is negative semidefinite 
at each of the thirty-two price-expenditure 
situations corresponding to our data with 
the LES and for all but two with the QES." 

Perhaps the most interesting comparison 
to be made between the LES and the QES 
involves the behavior of the marginal bud- 
get shares. For the LES they are the esti- 
mated a; parameters, while for the QES 
they are given by the expression in equation 
(5), and depend on all of the estimated 
parameters. In Table 1 we present the mar- 
ginal budget shares corresponding to 1972 
prices implied by our parameter estimates 
for six expenditure levels that encompass 
the 1972 sample expenditure levels.’ For 


‘7Qur approach to the evaluation of regularity con- 
ditions differs from that adopted by Jorgenson and 
Lau in their discussion of the translog. They consider 
only whether regularity conditions are satisfied at a 
single point, the point of approximation of the trans- 
log; whereas we have checked them at every sample 
point. On the other hand, Jorgenson and Lau test the 
significance of the ability of their estimated translog to 
satisfy the regularity conditions, whereas we do not. 

i8Since the results for 1966 are similar we have not 
presented them. However, the marginal budget shares 
and elasticities corresponding to any price-expenditure 
situation can easily be calculated from the parameter 
estimates reported in the Appendix. 


i 


the QES the shares vary considerably with 
expenditure levels: 46 percent of an addi- 
tional shilling goes to food at the lowest 
level, and only 17 percent at the highest; 
for the LES the share is constrained to be 
the same at all expenditure levels and is 35 
percent. Corresponding patterns for cloth- 
ing and miscellaneous can be read from the 
table. The own-price elasticities are also 
presented in Table 1, and lie between —.1 
and — 3.39 for the QES and —.51 and — 1.02 
for the LES. The QES own-price elasticities 
vary substantially more with expenditure 
levels than those implied by the LES, and 
the two sets of elasticity estimates suggest 
different patterns of responsiveness to price 
changes. 

The QES represents a significant im- 
provement over the LES according to the 
usual likelihood ratio test. The value of 
—2 In w, where w is the ratio of the likeli- 
hoods associated with the LES and the 
QES, is 8.2, which is significant at the 5 per- 
cent level. 


II. Demographic Characteristics 


Demographic variables have traditionally 
played a major role in the analysis of house- 
hold budget data. Instead of assuming, as 
we did in Section I, that all households in 
the sample have identical tastes, only those 
with the same demographic profiles are as- 
sumed to have the same demand functions. 
Family size and composition, race and 
religion, age and education have all been 
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used as demographic variables in demand 
studies, although seldom in the context of 
complete systems of demand equations.” 

There are two ways to proceed. First, 
without any additional assumptions, the 
methods of Section I can be applied to sub- 
samples of households with identical demo- 
graphic profiles. For example, we might 
specify that each household’s demand equa- 
tions are given by a QES, and estimate the 
3n — | independent parameters of that sys- 
tem separately for each household type. 
This approach allows all of the parameters 
of the demand system to depend on the 
demographic variables, and does not re- 
quire us to specify the form of the rela- 
tionship between these parameters and the 
demographic variables. Under this ap- 
proach, the only data relevant to the anal- 
ysis of households with a particular demo- 
graphic profile are observations on house- 
holds with that profile. 

The second approach introduces assump- 
tions which relate the behavior of house- 
holds with different demographic profiles. 
For example, we shall assume that each 
household’s demand equations are given by 
a QES, that the b’s depend linearly on some 
set of demographic variables, and that the 
remaining parameters are independent of 
the demographic variables. Under this set 
of assumptions we can draw inferences 
about households with one demographic 
profile from observations on the behavior 
of households with different profiles, a type 
of inference which is not possible under the 
first approach. Our empirical work deals 
only with the number of children in the 
family, but the techniques we use are readily 
applicable to other demographic char- 
acteristics. 

We now describe translating, a general 
procedure for incorporating demographic 


19The classic reference is S. J, Prais and Hendrik 
Houthakker. Recent examples include Howe (1974); 
Lau, Lin and Yotopoulos; Marjorie McElroy. Richard 
Parks and Anton Barten use cross-country differences 
in age composition to analyze aggregate time-series 
data from eleven countries. 
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variables into demand systems.” Under 
this procedure the original demand system 
is first replaced by a new system which con- 
tains parameters suitable for introducing 
such variables, and it is then assumed that 
these newly introduced parameters are the 
only ones which depend on the demo- 
graphic variables. The process is completed 
by specifying the functional form relating 
these parameters to the demographic vari- 
ables. More specifically, translating re- 
places the original demand system x, = 
hi(P, u) by the modified system 


(6) A'(P,u) = d, + h(P,u — È pidi) 


and specifies that only the d’s depend on 
demographic variables. It is tempting to 
interpret the “translation parameters” as 
“necessary quantities,” but this can be mis- 
leading.” 

If translation parameters are already | 
present in the original system of demand 
equations (as they are in the LES and the 
QES), then the translation approach re- 
duces to a specification of which parameters 
of the original system depend on demo- 
graphic variables and which do not. If the 
original system is generated by a Cobb 
Douglas or CES utility function, then in- 
troducing translation parameters yields the 
LES or the “generalized CES” (see Pollak, 
1970 or 1971; Wales). If the original system 
is translog, then translating yields the 
“translog with committed quantities” (see 
Marilyn Manser). In general, if the original 


20An alternative procedure is proposed by Barten, 
whose discussion is amplified and corrected by John 
Muellbauer. Alan Brown and Angus Deaton, pp. 
1178-86, survey the more traditional literature on 
“equivalent adult scales” and supply references to the 
literature, 

21There are two distinct reasons: First, the d’s can 
be negative. Second, with some demand systems such 
as that implied by the translated constant elasticity of 
substitution (CES) direct utility function, U(X) = 
~Za,(dy — xp)", for c > 1, regularity conditions re- 
quire d; to be greater than x;; the additive quadratic 
direct utility function discussed by Paul Samuelson, 
p. 93, is a member of this class (see Pollak, 1971). In 
these cases, it is natural to interpret the d’s as “bliss 
points.” 
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system was generated by the indirect utility 
function V(P,#), then it is easy to verify 
that the modified system is generated by 


(D) W(P,n) = VP, w — È pidi) 


When translating is used to introduce 
demographic characteristics into complete 
demand systems, it is easy to verify that 
there is a close relation between the effects 
of changes in demographic variables and 
the effects of changes in total expenditure. 
A change in any demographic variable (for 
definiteness, an increase in family size) 
causes a reallocation of expenditure among 
the consumption categories. That is, since 
total consumption expenditure remains 
unchanged, increases in the consumption of 
some goods must be balanced by decreases 
in the consumption of others. Hence, the 
sign of the effect on p;x; of a change in 
family size cannot be inferred from the sign 
of its effect on d; Changes in the demo- 
graphic variables affect all of the d’s simul- 
taneously, so, for example, we cannot infer 
an increase in p;x; from an increase in 
family size which increases d,. Furthermore, 
there is no presumption that an increase in 
family size will increase rather than de- 
crease the d’s: in either case, changes in the 
ds imply a reallocation of total expenditure 
among the goods which leaves total ex- 
penditure unchanged. 

Demographic effects can be introduced 
into any system of demand equations by al- 
lowing any subset of parameters to depend 
on demographic variables. Translating 
postulates that demographic effects operate 
through a particular subset of n indepen- 
dent parameters which enter the demand 
system in a relatively simple way. In prin- 
ciple, the question of which parameters de- 
pend on demographic variables is an em- 
Pirical one, and the specification implied by 
translating can be tested against the more 


22On the other hand, with habit formation a change 
in past consumption of x, affects d; but leaves the other 
d’s unchanged (see Pollak, 1970), so the effect of a 
change in the past consumption of a particular good 
on its current consumption can be inferred. 
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general hypothesis that additional param- 
eters also depend on demographic vari- 
ables.” 

Using translating to introduce family 
size into the LES and the QES, we reesti- 
mate these systems with the Family Ex- 
penditure Survey data described in Section I. 
Since the Family Expenditure Survey re- 
ports the consumption patterns of house- 
holds containing two adults (one man and 
one woman) and a specified number of 
children, the data are better suited to study- 
ing the effect of the number of children on 
household consumption patterns than data 
which report only household size. We use 
the two years 1966 and 1972 because this 
choice corresponds to the longest span over 
which “children? were defined consis- 
tently.” 

To incorporate the effect of the number 
of children into the LES and the QES, we 
assume that the b’s of these systems depend 
linearly on the number of persons in the 
household, N: 


(8) b; = bř + B:N 


In the LES, there are now 3n — | param- 
eters to be estimated (nb*¥’s, nĝ’s, and n — | 
a’s); in the QES there are 4n — | param- 


23The treatment of demographic variables in Lau, 
Lin, and Yotopoulus is equivalent to a specification in 
which n — 1 independent parameters of the homoge- 
neous translog depend linearly on the logarithms of 
the demographic variables, although they do not 
present their specification in this way. 

24For example, published tables from the BLS Study 
of Consumer Expenditures ... 1950 and Survey of Con- 
sumer Expenditures 1960-61 cross classify households 
by income and the number of individuals in the house- 
hold. 

25In the surveys before 1966, the number of persons 
in the household rather than the number of children 
was reported. After 1972, persons were classified as 
children if they were 18 or under, while in earlier years 
they were so classified if they were 16 or under. 

26The 1966 survey reports the average number of 
persons per household for each income class for house- 
holds consisting of tone man, one woman, and three 
or more children,” as does the 1972 survey for house- 
holds consisting of “one man, one woman, and more 
than three children.” In these cases, we have used 
average number of persons per household for N, 
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TABLE 2—MARGINAL AND AVERAGE BUDGET SHARES FOR THE LES AND THE QES 
AT 1972 PRICES WITH TASTES DEPENDENT ON FAMILY SIZE 


























Food Clothing Miscellaneous 
Expenditure Children Children Children 
S/week 1 2 3 1 2 3 1 2 3 
Marginal Budget Shares—QES 
225 a 40 A3 26 .28 30 37 32 27 
325 al 34 37 .22 .24 26 47 42 37 
425 .24 27 30 18 .20 22 58 53 8 
525 18 21 .24 13 15 17 69 64 59 
625 ll 14 17 .09 ll 13 .80 75 70 
725 .05 .08 Al 05 07 .09 90 85 .80 
Average Budget Shares—QES 
225 61 .65 69 14 12 .09 25 .23 22 
325 53 57 60 AT -16 AS 30 27 25 
425 47 50 54 18 18 AT 35 32 .29 
525 42 45 49 17 18 18 Al 37 33 
625 3E Al 44 16 17 7 46 42 39 
725 ad 37 40 15 16 16 52 47 44 
Average Budget Shares—LES 
225 62 68 -13 -14 13 13 24 19 14 
325 52 56 60 16 16 AS .32 .28 25 
425 47 .50 53 17 17 17 36 .33 .30 
$25 44 46 48 18 18 18 .38 36 34 
625 41 43 AS 19 18 18 40 39 37 
725 40 Al 43 19 9 19 Al 40 .38 


Note: The sample expenditure range in 1972 is 232-684 S/week. For the LES, marginal budget shares are indepen- 
dent of expenditure and family size and are .30, .20, and .49. 


eters (nb*’s, nB’s, in — ILa’s, (n = Ic’s, 
and A). For both of these systems, this is 
equivalent to incorporating these demo- 
graphic variables by translating. 

The stochastic structure is obtained by 
adding a disturbance term to the share form 
of each nonstochastic demand equation, 
just as in Section I. The parameter estimates 
obtained for the LES and QES are pre- 
sented in the Appendix. The regularity con- 
ditions are satisfied (i.e., the implied Slutsky 
matrix is negative semidefinite) for all but 
four of the thirty-two price-expenditure 
situations corresponding to families in the 
sample with the LES, and for all but one 
with the QES. 

Once again the QES represents a signifi- 
cant improvement over the LES with the 
likelihood ratio test statistic taking a value 
of 17.7 while the Í percent significance level 
is 11.3. Further, inclusion of the three addi- 


tional family size parameters is highly sig- 
nificant for both functional forms, with 
likelihood ratio test statistics of 66.7 and 
76.3 for the LES and QES, respectively, 
while the 1 percent significance level is 11.3. 
` The marginal budget shares for the QES 
depend on prices, expenditure, and family 
size; in Table 2 we report the implied mar- 
ginal budget shares for families with one, 
two, and three children at 1972 prices for 
the expenditure levels reported in Table 1.7 
As might be expected, the marginal budget 
shares increase with family size (expendi- 
ture held constant) for food and clothing, 
and decrease for miscellaneous. The pat- 
tern with respect to changes in expenditure 
levels (family size held constant) is similar 
to that reported and discussed in Section I. 


27The marginal budget shares at 1966 prices were 
very similar. 
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For the LES, when family size is incor- 
porated through the b’s, the marginal bud- 
get shares are independent of prices, ex- 
penditure, and family size. Our estimates of 
the marginal budget shares are .30, .21, and 
.49 for food, clothing, and miscellaneous, 
respectively.” 

An increase in family size (with total ex- 
penditure held constant) causes a realloca- 
tion of expenditure which is reflected by 
changes in the average budget shares; the 
average budget shares implied by our 
parameter estimates are presented in Table 
2 for both the LES and the QES. For both 
systems and all expenditure levels, the aver- 
age budget share of food increases with 
family size, while the share of miscellaneous 
decreases, implying a reallocation from 
miscellaneous to food. For the QES, at low 
expenditure levels the average budget share 
for clothing falls as family size increases, 
but at higher expenditure levels.it is vir- 
tually independent of family size; for the 
LES it is independent of family size at all 
expenditure levels. 

The pattern of average budget shares for 
the LES is fairly close to that for the QES 
(particularly in the middle expenditure 
ranges). The estimated b, values (b; = 
b*¥ + B:N) are all positive for the QES, 
but are negative for large family sizes for 
clothing and miscellaneous using the LES 
(see the Appendix) suggesting that it is in- 
appropriate to interpret the b’s as necessary 
or subsistence quantities. In the QES the 
b’s increase with family size, while in the 
LES an increase in N implies a decrease in 
the b’s.” Finally, it should be noted that the 
QES average budget shares for clothing do 
not vary monotonically with expenditure 
(for fixed family size); in the LES, average 
budget shares must either increase mono- 


28The comparable marginal budget shares obtained 
in Section I for the LES were .35, .20, and .45. 

29 This does not imply that larger families can achieve 
a particular standard of living with less expenditure 
than small families. Empirically determined equiva- 
lence scales play an important role in demand analysis, 
but there is no justification for using them to make 
welfare comparisons. 
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tonically or decrease monotonically with 
expenditure. 


III. Conclusion 


We have estimated two complete systems 
of demand equations—the LES and the 
QES—using U.K. household budget data 
for two periods, and investigated the in- 
fluence of family size on consumption pat- 
terns within the framework of these sys- 
tems. The empirical results were generally 
good: regularity conditions were almost 
always satisfied, and our results improved 
significantly as we moved from the LES 
with no family size effects to the QES with 
family size effects. 

The QES is a new generalization of the 
LES which is particularly well suited to the 
analysis of data sets which exhibit se- 
verely limited price variation. With house- 
hold budget data, each study identifies an 
income-consumption curve, and, although 
none of the underlying parameters of the 
QES can be identified from a single income- 
consumption curve, all of the parameters 
can be identified from two such curves. The 
effect of demographic variables on con- 
sumption patterns has traditionally been 
analyzed using household budget data, but 
seldom in the context of complete demand 
systems. Complete demand systems have 
two principal advantages over other frame- 
works for analyzing the effects of demo- 
graphic variables. First, by incorporating 
the budget constraint into the analysis, the 
complete system approach forces recogni- 
tion of the fact that an increase in expendi- 
ture on one consumption category must be 
balanced by decreases in the expenditure 
on others. Second, the complete system ap- 
proach permits the separation of demo- 
graphic effects from own- and cross-price 
effects as well as from income effects. Un- 
less such a separation is made, there is no 
presumption that demographic effects esti- 
mated from one price situation will be 
relevant in another. We incorporated family 
size into the LES and the QES by allowing 
a particular subset of their parameters (the 
b's) to depend linearly on family size. 
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The techniques we have used in this 
paper have implications for empirical de- 
mand analysis which go well beyond the 
particular functional forms we have esti- 
mated and the demographic variable we 
have employed. First, translating, the 
method we employed to incorporate family 
size into the LES and the QES is a tech- 
nique which can be used to incorporate 
any set of demographic variables into any 
complete system of demand equations. 
Under translating, demographic effects 
operate through a particular set of n in- 
dependent “translation parameters” which 
happen to be present in both the LES and 
the QES. But if these parameters are not 
present in a particular demand system, they 
can be introduced in a straightforward way. 

Second, it has generally been assumed 
that complete demand systems could not be 
estimated from household budget data un- 
less such data are available for many pe- 
riods. We have demonstrated that interest- 
ing complete systems of demand equations 
can be estimated on the basis of household 
budget data which exhibit very little price 
variation. As budget study data become in- 
creasingly available, estimation of demand 
systems using such data from a limited 
number of periods will become an increas- 
ingly important technique for empirical de- 
mand analysis, 


APPENDIX 
A. Estimated LES Equations 














Parameter f LES LES 
a, 351 (11.5) .297 (24.6) 
az .202 (13.7) .213 (15.8) 
az 447 (15.7) .490 (26.9) 
bt 75.7 (2.2) 182.9 (2.1) 
bt 713 (A) 113.3 (1.8) 
b¥ —.88 (.02) 225.3 (1.6) 
By -23.1 (1.1) 
ba -254 (1.7) 
Ba -54.8 (1.7) 
ci 
c2 
c3 
A 
R? .572 .940 
Ri 186 -385 
RY .503 820 
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B. Estimated QES Equations 





Parameter QES QES 





a 442 (5.9) 409 > (6.6) 
ay .253 (7.9) . 289 (5.8) 
a, 305 (2.3) .302 (5.1) 
bt 104.5 (6.3) 23.6 (.8) 
oF 24.8 (2.6) -6.5 (.3) 
bł 39.6 (3.5) 2.3 (1) 
bi 18.4 (7.0) 
By 5.9 (3.0) 
b3 EL 3 
ci —4.263 (14) —.542 (4) 
c ~2.325 (1.0) —.347 (3 
LA 7.588 (2.3) 1.889 _ (3.3) 
A .00019 (2.4) 000593 (.8) 
R 602 963 

R2 226 371 

Ri, 598 888 





Notes: Data are measured in shillings per week. 
The normalization rules used are Dj a, = l and 


D? Ck = ly 

Food is the first, clothing the second, and miscel- 
laneous the third good. 

The ith share equation for the QES is given by 


w= Tiot + BiN) + a re + an) 


Pe * Pk py 2 
+ (e= apan = TO? : (bf + BaN) 


For the cases in which family size does not affect 
demand the ĝ’s are set to zero. 

For the LES c; = a; for all goods. 

The numbers in parentheses are ratios of param- 
eters to asymptotic standard errors. 
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Why Women Earn Less: The Theory and 
Estimation of Differential Overqualification 


By ROBERT H. FRANK* 


The average wage rate for females in the 
United States has been approximately two- 
thirds the average wage for males for more 
than two decades.! Numerous studies have 
attempted to explain this differential on the 
basis of differences in the male-female en- 
dowments of personal characteristics related 
to productivity (see, for example, Malcolm 
Cohen; Victor Fuchs; James Gwartney). 
Though these studies employ the rather ex- 
tensive catalogue of personal characteristics 
measures available in modern micro-eco- 
nomic data files, none has explained even 
as much as one-half of the gross wage dif- 
ferential between the sexes. Discrimination 
by employers against females has been sug- 
gested as the probable source of the unex- 
plained residual, which amounts to roughly 
20 percent of the average female wage rate 
(see, for example, Oaxaca, p. 708). 

That employer discrimination could ac- 
count for such a sizeable depression in fe- 
male wage rates for such an extended period 
of time is troublesome to anyone with even 
limited belief in the efficacy of the price 
mechanism. If the services of female em- 
ployees can indeed be purchased at a sub- 
stantial discount below those of comparable 
male employees, why has there failed to ap- 
pear an active group of firms that exploit 
this pctential cost saving until only pro- 
ductivity related differentials remain?” 


*Assis-ant professor of economics, Cornell Univer- 
sity. The first draft of this paper was prepared during 
my stay as a visiting fellow at the International Insti- 
tute of Management in West Berlin. I gratefully 
acknowledge the Institutes financial support, while 
exempting it from any responsibility concerning the 
study’s contents. 

l Ronald Oaxaca found, for example, that urban 
white males earned $2.95 per hour in 1967, as com- 
pared to $1.92 for urban white females. 

2Such a result would obtain even if most firms were 
willing to sustain income losses in order to discrimi- 
nate against women, as long as nondiscriminating firms 
were numerous enough to be forced to compete with 
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In the event that employers do not dis- 
criminate against women, there are two 
principal sources that may account for the 
unexplained male-female wage differential. 
The most apparent is the possibility that 
many important measures of male-female 
productivity differentials have not been in- 
cluded in existing empirical studies of earn- 
ings relationships. As additional data. be- 
come available, it will be possible to 
investigate whether the unexplained wage 
differential shrinks in response to refine- 
ment and expansion of those personal 
characteristic measures that differ system- 
atically between men and women.? 

Alternatively, there may exist supply side 
phenomena that could account for equally 
qualified males and females being paid dif- 
ferent wages by a nondiscriminating em- 
ployer. This paper focuses on the latter 
possibility and describes a very simple 
supply mechanism whereby nondiscriminat- 
ing employers are expected to pay, on 
average, lower wages to females than to 
equally qualified males. 

The point of departure is the observation 
that most adult participants in the labor 
force are married* and that husbands as a 
group work more hours and possess larger 
stocks of human capital—education, train- 
ing, experience, and the like—than do 
wives. 

For couples, the search for a pair of jobs 





one another. Fuchs has shown that the unexplained 
male-female wage differential is equally large for the 
self-employed as for other categories, a finding that is 
difficult to reconcile with the hypothesis that employer 
discrimination accounts for the gap. 

3Solomon W. Polachek found, for example, that 
the greater irregularity of female labor force participa- 
tion rates accounted for a significant portion of ob- 
served male-female wage differentials. 

4In March 1975, 71 percent of all men and 58 per- 
cent of all women in the labor force were married and 
living with their spouses. 
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is constrained geographically: jobs ultimately 
accepted must both be in the same labor 
market.5In the course of this search, each 
spouse typically will generate a range of 
wage offers in several different labor mar- 
kets. Only by coincidence will the best offers 
for both spouses occur in the same location. 
When they do not, one or both partners 
must compromise and accept something less 
than the best offer he or she has managed to 
generate, 

Compromises of this sort will generally be 
more costly (in terms of family income and 
consumption) for the spouse who works 
more hours or whose stock of human capi- 
tal is largest: on average, the husband. If the 
family’s objective: is to choose the pair of 
jobs in a single location that maximizes joint 
family income, it is then expected that hus- 
bands on average will make smaller com- 
promises than their wives.° The differential 
degree of compromise that emerges from 
the requirement of family income maxi- 
mization will in turn generate a pattern of 
wage differentials that is qualitatively the 
same as the one observed in existing wage 
studies: females will be observed to earn 
less, on average, than do males endowed 
with identical personal characteristics.’ 

A new model of the placement process is 
developed in Section I for the specific pur- 
pose of quantifying the family decision 


3S. Y. A. Ngai investigated the phenomenon of 
long distance commuting as a response to the geo- 
graphical location constraint facing couples. Though 
growing, this phenomenon is currently of negligible 
importance. 

®Single searchers do not operate under this type 
of geographic constraint and searchers of both sexes 
are thus free to locate in the market in which their 
best offer occurs. 

7The idea that relative geographic immobility 
handicaps the labor market experience for women is 
not a new one. Beth Niemi, for example, argued that 
such immobility is one reason why women have 
higher unemployment rates than men. Nancy Gordon 
and Thomas Morton suggested that locational con- 
straints result in a more inelastic supply curve for 
women than for men. In a “company town” setting, 
the monopsonist employer would then pay women 
lower wages than comparable qualified men. A 
differential of this sort could not arise, however, if 
the buyers’ side of the labor market were competitive. 
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mechanism described above. Section II de- 
scribes a procedure that can be employed to 
estimate the fraction of the previously un- 
explained wage gap that results from this 
family decision mechanism. An illustrative 
application of this procedure is presented 
in Section III. Section IV concludes with a 
list of remarks and qualifications concern- 
ing the interpretation of the model. 


I. A Model of the Placement Process 
A. Characterizing Vacancies and Searchers 


The placement process is viewed as one in 
which employers and job seekers attempt to 
match the requirements of job vacancies 
with the personal characteristics of search- 
ers. The requirements of a given job va- 
cancy may be described in terms of the 
values taken by elements in a list of in- 
dividual characteristics such as education, 
experience, intelligence, personality, and so 
on. In general, a vacancy’s requirements do 
not specify fixed values for each char- 
acteristic; rather, a deficiency in one char- 
acteristic may be compensated for by an 
excess in another. In weighing experience 
against formal education, for example, 
employers may regard a vacancy as equally 
well-filled by any candidate possessing 
combinations of these attributes that lie 
along a particular locus, as depicted in 
Figure 1. 

In Figure 1, any candidate whose com- 


Education 


Experience 


FIGURE |. REQUIREMENTS OF A VACANCY WITH 
Two CHARACTERISTICS 
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bination of experience and education places 
him along the vacancy description locus JJ 
is said to satisfy exactly the requirements of 
that particular vacancy, and employers are 
thus indifferent between different candi- 
dates on the JJ locus. Candidates to the 
southwest of JJ are deficient in their com- 
bination of education and training, while 
those to the northeast are overqualified with 
respect to these characteristics. In order to 
keep the notation compact, it is assumed 
that there is a single-valued correspondence 
between each vacancy description locus in 
the space of relevant characteristics and a 
scalar characteristics index, which will be 
dencted as J. Using the same indexing cor- 
respondence, each searcher is assigned a 
summary value S computed from his own 
particular values for the same list of char- 
acteristics used to describe vacancies. In 
terms of these index values J and S, a 
searcher is exactly qualified for a particular 
vacancy when J = S, underqualified when 
S < J and overqualified when S > J. 

If no applicants are available for whom 
S = J (as, in a probabilistic sense, there 
would almost never be), the employer is 
forced to select either an underqualified or 
overqualified applicant. In the former case, 
productivity is lower than in the case of an 
exactly qualified worker, and the employer 
could in principle compensate for this fact 
by offering underqualified applicants a 
lower wage rate. The excess qualifications 
of the overqualified applicant are by as- 
sumption of no productive value to the em- 
ployer®and such applicants are offered the 
same wage that an exactly qualified appli- 
cant would receive. 

The exposition of the analysis that follows 
is considerably simplified (but none of the 
important conclusions are altered) if it may 
be assumed that employers do not hire un- 
derqualified applicants at all, restricting 
their consideration to only those applicants 
who are either exactly qualified or over- 


8There is some indication that individuals whose 
qualifications greatly exceed job requirements may 
actually be less productive than those who are slightly 
overqualified. 
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qualified.’ Also, it is convenient to choose 
the units in which the index J is measured 
in such a way that the wage offered to quali- 
fied candidates is related in some simple 
fashion to the value of J. Anticipating the 
form of the empirical wage relation of the 
next section, the units of J are chosen so 
that the wage corresponding to vacancy i is 
given by! 


(1) W, = e'i 


A job whose requirements are exceeded 
by the searcher will be accepted only if there 
is no better alternative, for acceptance of 
such a job implies a wage loss in compari- 
son with the wage that could have been 
earned in a job for which he was exactly 
qualified. If X, denotes the difference be- 
tween an overqualified worker’s qualifica- 
tion index S, and the requirement index J; 
of the job he accepts, using equation (1), his 
wage may be written as 


(2) W, = eSte~*i 


Here the overqualified worker’s wage is . 
seen as the product of his wage in a job for 
which he is ideally suited and-a factor less 
than unity représenting his loss due to over- 
qualification. Equation (2) thus exhibits the 
hypothesized property that a given measure 
of overqualification is more costly (in terms 
of lost earnings) the higher is an individual’s 
personal characteristics index S;. 


B. The Search Process for Single Individuals 


The process of search for an individual 
may be viewed as identifying that vacancy 
in the market system for which he is least 
overqualified. Schematically, each labor 
market may be thought of as having a dis- 


?In defense of this assumption, very few among us 
would be willing to admit that our jobs make the 
maximum possible use of our talents; moreover, it 
may be said that this assumption provides a consis- 
tent description of the first N — 1 of the N jobs in a 
standard Peter Principle career sequence. 

10Gary Becker (1964) and Jacob Mincer have em- 
ployed earnings relationships of this form in human 
capital studies. 
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FiGURE 2. VACANCIES IN A SINGLE MARKET 


tribution of vacancies with different require- 
ments indices, as depicted below by the or- 
dered collection of hash marks in Figure 2. 
The dotted hash mark in Figure 2 denotes 
the characteristics index of a particular 
searcher who, if search were limited to that 
single labor market, would maximize his 
wage by selecting vacancy J*, the one for 
which the value X* indicates that he is 
least overqualified. When search takes place 
in a number of markets at once, the in- 
dividual simply selects that market in which 
J# is largest. (and in which the correspond- 
ing overqualification measure X*¥ is 
smallest). 

In the present context, we wish to investi- 
gate the properties of the search process 
under equilibrium or near equilibrium con- 
ditions: that is, under conditions in which 
there is a reasonably close correspondence 
in both the number and in the range of char- 
acteristics values taken by both searchers 
and vacancies. Absent any concrete knowl- 
edge concerning the actual structure of 
vacancy and searcher characteristics for 
particular markets, the desired equilibrium 
conditions may be represented by viewing 
the collections of J and S values as random 
samples of equal size drawn from a com- 
mon probability distribution. 

For the single individual searching within 
this framework, the degree of overqualifica- 
tion X* in the best job is also a random 
variable. The sampling distribution of X* 
depends on N, the total number of vacan- 
cies in all markets combined. The exact 
form of this distribution also depends on 
the form of the distribution from which the 
Jès and Ss are drawn but is in no way in- 
fluenced by the distribution of total vacan- 
cies between individual markets. For almost 
any reasonable distribution of the Js, the 
expected value of X* for the single searcher 
decreases as N increases, approaching 0 in 
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the limit.’ Not surprisingly, the rich variety 
of opportunities characteristic of a large 
system of markets results in a low expected 
degree of overqualification for the single 
searcher, and, consequently, in a higher ex- 
pected wage rate. 


C. The Search Process for Married Couples 


For the case in which search is confined 
to a single labor market, the description of 
the decision rule for a searching married 
couple that seeks to maximize its joint 
income is essentially the same as for single 
searchers. Each spouse selects the job for 
which he or she is least overqualified, as in 
the single searcher case. 

When couples search over several geo- 
graphically distinct labor markets, their de- 
cision rule is still simple to describe, but 
the equilibrium levels of overqualification 
that emerge for each spouse behave some- 
what differently than do those for single 
searchers. For purposes of illustration, the 
case of a couple in which both spouses wish 
to work the same number of hours is con- 
sidered. For such a couple searching in the 
multimarket case, the income-maximizing 
pair of jobs is the pair that maximizes the 
sum of their wage rates. 


D. Differential Overqualification 


To see how the expected overqualifica- 
tion levels of both spouses behave, it is 
useful to employ equation (2) to characterize 
the best pair of jobs as 


(3) TRIE = Thi Th 
for which 


* + 3 
max Jesue- + erezh] obtains, 
K 


iel, 


where Sy and Sp denote the characteristics 


lH The rationale for this result may be seen easily 
by noting that, in terms of Figure 2 above, the ex- 
pected distance between S; and the closest vacancy 
hash mark to the left of S; shrinks to zero as the 
quantity of vacancy hash marks increases. 
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indices for the husband and wife, and K de- 
notes the number of markets over which the 
couple searches. 

In equation (3), the couple’s maximiza- 
tion exercise is seen as that of choosing the 
market whose pair of overqualification in- 
dices X%,, X% serves to maximize the 
weighted sum of the “ideal matchup” wage 
rates of the husband and wife. eS” and e°F- 
The precise nature of the dependence of the 
expectations of the optimal overqualifica- 
tion indices X4, Xfon Sy, Sp is exceedingly 
complex, even when the underlying prob- 
ability distribution from which the J?s are 
drawn is simple in structure. Some impor- 
tant general properties of these expectations 
may be seen quite easily, however. 

First, the expected overqualification 
levels, E(X},) and E(X#), will each exceed 
the expected value of X* for a single 
searcher. It is expected, in other words that 
the income-maximizing pair of jobs will in- 
volve some compromise for both spouses, 
since only by chance will the best job for 
both spouses happen to occur in the same 
labor market. 

Second, E(X},) < E(X}#) whenever Sy > 
Sp: the degree of overqualification expected 
for each spouse is ordered inversely to the 
ordering of their characteristics indices. This 
result follows from equation (2), which says 
that the cost of overqualification (in terms 
of foregone earnings) increases with the 
value of S. To the extent that husbands as a 
group have higher S$ values than wives, this 
differential in overqualification levels leads 
in turn to the outcome that a randomly 
chosen male will have higher expected earn- 
ings than a randomly chosen female with an 
identical personal characteristics measure. 
This result is reinforced when equation (3) 
is generalized to allow for the fact that hus- 
bands on average work more hours than 
wives. 

Third, both E(X%) and E(X#) approach 
zero as the total number of vacancies in the 
market system approaches infinity. With 
enough markets and/or large enough mar- 
kets to choose from, overqualification even- 
tually ceases to be a quantitatively impor- 
tant phenomenon. 
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Fourth, the expected overqualification 
levels are not, as in the single-worker case, 
independent of the distribution of vacancies 
across individual markets. For a given 
level of total vacancies in the market sys- 
tem, E(X%) and £(X#) decrease as vacan- 
cies are more unevenly distributed across 
markets.'? In the extreme case for which all 
vacancies are concentrated in a single labor 
market, the geographical search constraint 
is effectively eliminated and E(X}#,), E(X#) 
attain their minimum values for the given 
vacancy total. 


E. An Alternative Family Decision Rule 


Many may find the family income-maxi- 
mization decision rule discussed above an 
implausible description of the way in which 
families decide where to live. An alternative 
family decision rule is one in which the wife 
accompanies her husband, locating in the 
geographic labor market that minimizes his 
overqualification level. For couples for 
whom Sy substantially exceeds Sp, or for 


` 


whom the husband works substantially ` 


longer hours than his wife, this essentially 
male chauvinist decision rule produces ex- 
pected male and female overqualification 
levels that are close to the expected over- 
qualification levels associated with the 
family income-maximization rule." 
Whatever its rationale, the male chau- 
vinist family location decision rule carries 
with it a number of analytically convenient 
implications about the equilibrium struc- 
ture of expected male-female overqualifica- 
tion levels. For example, the expected over- 


This result relates directly to the observation 
that two-career couples have great difficulty securing 
satisfactory joint placement opportunities everywhere 
except in large urban areas. See, for example, the 
author. 

I3 For couples for whom both spouses’ hours 
worked and Sas and Sp are close in value, and for 
whom the male chauvinist rule may conflict ap- 
preciably with family income-maximization consider- 
ations, the chauvinist rule may in many instances be 
assumed to have prevailed on the basis of historical 
notions about the relative psychosociological impor- 
tance of career advancement for men as opposed to 
women. 
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TABLE [—MARKET SIZE AND EXPECTED OVERQUALIFICATION LEVELS 
UNDER THE MALE CHAUVINIST FAMILY LOCATION RULE 
Large Market Small Market 
Husbands E(X) = X4,(N) E(X) = Xt,(N) 
Wives E(X},) = X(n) E(X¥o) = (11/9) X(n) 
Note: N = size of total market system; mg = size of small market; n, = size of 


large market. 


qualification level of husbands becomes the 
same as for single workers. It declines with 
the total number of vacancies in the market 
system and is unrelated to the distribution 
of vacancies across individual markets. 
In particular, a husband observed working 
in a large labor market has the same ex- 
pected overqualification level as a husband 
observed working in a small labor market.'* 
For wives’ operating under the male 
chauvinist location decision rule, no inter- 
market overqualification-minimization pro- 
cedure takes place; such wives are in the 
position of having to do the best they can in 
the particular labor markets that have mini- 
mized their husbands’ overqualification 
levels. If nọ denotes the number of vacancies 
in the labor market chosen by a husband, his 
wife’s overqualification level is given by 


(4) Xf = min Xp; = X#(no) 


The expected overqualification level of the 
wife depends in a very simple way on the 
number of vacancies in the labor market in 
which her-husband has located. If Y#(n,) 
denotes the expected overqualification level 
in a market with n, vacancies, then E(S#)in 
a market with nọ vacancies will be given by 


(5) XH) = 
\ 
For example, when the number of vacancies 


'4The same observation applies equally well to 
single females and single males. While it is more prob- 
able ex ante that a single searcher’s best placement 
will occur in a large market, there is no presumption 
ex post that observed large market placements of 
single workers will be superior in any way to small 
„market placements. 


doubles, the wife’s expected overqualifica- 
tion level is cut by half, as illustrated in 
Figure 3. 

As will become clear in the following sec- 
tion, the relationships between market size 
and expected overqualification levels play a 
pivotal role in the process of identifying the 
degree to which locational considerations 
dictate overqualification differentials and 
consequent wage differentials between the 
sexes. For the reader’s convenience, these 
relationships are summarized in Table 1. 


Jeng) x*(n.) 


FIGURE 3. OVERQUALIFICATION LEVELS IN MARKETS 
OF UNEQUAL SIZE 


II. Empirical Estimation of 
Overqualification Differentials 


A. Alternative Strategies 


The theory of overqualification differen- 
tials developed in the preceding section sug- 
gests a number of alternative procedures 
whereby one might attempt to estimate the 
portion of the unexplained male-female 
wage differential that arises because of 
family locational considerations. 

Perhaps the most obvious of these in- 
volves a comparison of married and single 
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females. Both the income-maximization and 
male chauvinist family decision rules sug- 
gest that single females, other things equal, 
should earn higher wages than married fe- 
males, since the former are relatively more 
free from locational constraints. Consider- 
able empirical evidence shows that single 
women do, in fact, tend to earn higher 
hourly wages than their married counter- 
parts (see, for example, Fuchs; Polachek; 
Burton Malkiel and Judith Malkiel). Un- 
fortunately, however, married and single 
women undoubtedly differ in many other 
important respects which are difficult to 
measure and which will inevitably blur any 
differential overqualification measure one 
might try to infer from a comparison of 
these two groups. 

In order to avoid some of the problems 
inherent in comparisons of heterogeneous 
groups, an alternative estimating strategy 
may be considered in which the importance 
of overqualification differentials is inferred 
from the pattern of earnings differentials 
between married females working in labor 
markets of different size. For purposes of 
simplicity of notation and exposition, this 
strategy will be developed below for the 
case of two labor markets of unequal size, 
though it should be apparent that the two- 
market case is readily extended to the case 
of many markets. 


B. Heterogeneous Labor Markets, Male- 
Female Overqualification Differentials, 
and Sex Discrimination 


The case is considered in which two labor 
markets differ (for the purpose of wage de- 
termination) in both size and in some other 
unknown respect. The assumption is made 
that married females have located in these 
markets as a result of their husbands having 
found best jobs there. As noted in the pre- 
vious section, this assumption is broadly 
consistent with the requirements of family 
income maximization for possibly a large 
majority of families, and implies that the 
expected overqualification levels for wives 
will vary inversely with the size of the mar- 
ket in which they have located. 
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In the discussion that follows, a, and a, 
are used to denote market-specific effects on 
wage rates of earners in the small and large 
markets, respectively. These effects are dis- 
tinct from overqualification effects and for 
concreteness may be thought of as repre- 
senting a compensating differential attribut- 
able to some environmental difference be- 
tween the two locations. 

Using the notation developed in the pre- 
vious section, the logarithms of the wage 
rates received by married earners in the 
two markets may then be written as 


(6) In W po; = Ag + Sro — XFoi 
(7) In W yoi = ao + Smo ~ Xi 
(8) In Wry = a + Srij = XB 
(9) In Wyy = 4, + Suy — Xý 


for spouses in the ith and jth couples in the 
small and large markets, respectively. In 
equation (6), for example, W ro; denotes the 
hourly wage rate for the wife in the ith 
couple located in the small market, Spro; is 
her characteristics index and Xf), is her 
overqualification level. Market subscripts 
are omitted from the husbands’ overquali- 
fication levels, X%,, X%,, because these do 
not depend on market size. 

The standard procedure in empirical 
wage investigations has been to approxi- 
mate the true productivity measure as a 
weighted sum of such characteristics as age, 
schooling, experience, and so on. If Z de- 
notes a vector of observable personal char- 
acteristics and 6 a vector of coefficients, the 
relationship between the true characteris- 
tics indices S,, and S,,;, and their measured 
values may be represented by 


(10) Sro = Sri = fi + ZB + ©; 
and 
(11) Smoj = Sui = m; + Z;B + & 


where ¢,, e; are stochastic disturbance terms 
with mean zero, and where f; and m, repre- 
sent the influence of unobserved personal 
characteristics for the ith female and jth 
male, respectively. 

Substituting equations (10) and (11) into 
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equations (6)-(9) we generate the empirical 
wage relationship for the pooled sample of 
husbands and wives in the two labor mar- 
kets: 


(12) In W; = ag(D roi + Doi) 
+ a,(Dru + Dumu) + Zb 
+ [e + (Duo + Daim; — X%) 
+ Deol fi — Xho) + Dai — Xf) 
= A(Dro; + Duo) + (Dry + Dai) 
+ ZiB + Yn 

where 


Dro; = 1 for small market wives, 0 other- 
wise 

Dao; = 1 for small market husbands, 0 
otherwise 

Dy; = 1 for large market wives, 0 other- 
wise 

Dy; = 1 for large market husbands, 0 
otherwise 


The random disturbance term y, in the 
wage relation (12) has a nonzero mean given 
by 
(13) F= Duo + Da) - Xt) 

+ Drolf — X%o) + Dail f - X$) 


where m and f are the means of. the unob- 
served characteristics values for husbands 
and wives, respectively. It is convenient to 
rewrite the wage relation (12) as 


(14) In W, = aroDro + AmoD moi 
+ ap, Dry; + auDui + Zib + (Y: — 7) 


where the coefficients of the location-sex 
dummies are defined as 


(15) aro = Ay + T = Xto 
(16) amo = 4g +m — X$, 
(17) Gp, = a,+ f — Xf, 
(18) ay, =a,+m — X$ 


The disturbance term in the rearranged 
wage equation (14) has the zero mean 
property assumed in conventional estimat- 
ing procedures. If overqualification levels 


FRANK: WHY WOMEN EARN LESS 


367 


are not systematically related to individual 
personal characteristics and if the original 
disturbance terms e; obey the standard as- 
sumptions, then ordinary least squares 
(OLS) will yield unbiased, consistent esti- 
mates of the four sex-location intercepts in 
equation (14).! 

The estimates of these intercepts can in 
turn be used to construct estimates of the 
relative degree to which overqualification 
depresses wives’ wage rates in the two mar- 
kets. Except for the fact that wage rates are 
assumed to differ between the two markets, 
not only because of overqualification dif- 
ferentials but for other reasons as well, the 
effect of overqualification on female wages 
could be inferred from a direct compari- 
son of the intercepts for wives in the two 
markets. Under the present circumstances, 
however, we must first eliminate local ef- 
fects by comparing the differentials between 
the male and female intercepts for the large 
and small markets: 


(19) (@uo - aro) — (ami — arı) 

=X Fo ~ X A 
This difference measures the difference in 
wives’ wages in the two markets that is at- 
tributable to the fact that wives in the 
smaller market are expected to have higher 
overqualification levels than are large- 
market wives. Using the property (from 
equation (5) above) that average female 
overqualification levels in the two markets 
are inversely proportional to the size of the 
two markets, we have 


(20) (myo ~ aro) — (amı -= 4p) 
= XFo(1 — mo/m) 


If â mo, @r9, Ĝmi, 2p; denote the OLS esti- 
mators of the location-sex intercepts, then 


(21) 
= n z ` à z 

Xo = nom Ae = n {(@mo — âro) — (Âm — âôri)} 
1 0 


SBecause the pooled regression has heterosce- 
dastic disturbances, generalized least squares (GLS) 
will afford more efficient estimators than OLS. In 
view of the prodigious size of recent micro data 
banks, however, this consideration is of little practical 
significance, 
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is a consistent, unbiased estimator of the 
degree to which wives’. wages in the small 
market are depressed by overqualification. 

Given the logarithmic form of the wage 
relation (14), the estimate of X$, given in 
equation (21) may be interpreted as the per- 
centage by which wages are reduced by 
overqualification in the small market for 
wives whose overqualification level equals 
the average level for that market. 

Under the assumption that the location 
of the husband’s best job dictates the family 
location decision, the expected level of over- 
qualification for husbands in the small mar- 
ket is the same as it would be in any other 
market. The ¥* depends only on the total 
number N of vacancies in the market system 
as a whole, and is related to ¥%, by 


—_ Na — 
(22) Xt = 3; Xho 
The difference 
(23) X#-— Xý = Xf(N — n)/N 


represents the expected overqualification 
differential between husbands and wives in 
the small market and expresses the cost, as 
a percentage of the average wage rate, of 
the wife having constrained her search of 
her husband’s best job site. An estimate of 
this overqualification differential can be 
constructed from the previous estimate of 
Xh: 

(24 (Xto — XI) = (N - n)/N)Yħ 


The size of the total market system over 
which couples search will in practice vary 
from couple to couple, but for most will be 
considerably larger than the two individual 
markets considered above. If N is indeed 
large in relation to nọ, then the expected 
overqualification level for the husband be- 
comes insignificant in relation to that of his 
wife, and the overqualification differential 
for the average couple in the small market 
is reasonably approximated by the wife’s 
average overqualification estimate given in 
equation (21). 

In order to determine the fraction of the 
husband-wife wage gap that is explained by 
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overqualification differentials, it remains to 
compute the fraction of that gap attribut- 
able to unobserved differences in husband- 
wife personal characteristics or to employer 
discrimination against wives. An expression 
for the latter magnitude, which is defined 
by the difference 


(25) r=m-f 


can be constructed from the husband and 
wife intercepts for either market. From the 
difference (a mo — Gro) in equations (15) and 
(16) we first solve for 


(26) 


If it may again be assumed that husbands’ 
overqualification levels are on average in- 
significant in relation to those of wives in 
the small market, a suitable estimate of r is 
given by 


r = Ayo — am + (Xh — X%) 


ny 
1 — No 





(27) f = n (Gy, E Gr) 


No 
nı — No 





(âmo — 470) 
II. An Illustrative Application 


A. The Sample 


This section describes the results of ap- 
plying the procedures developed in the pre- 
ceding section to a sample of urban hus- 
bands and wives selected from the 1967 
Survey of Economic Opportunity (SEO). 

The phenomenon that produces male- 
female overqualification differentials ap- 
plies more to certain population groups 
than to others. In less skilled occupations, 
for example, vacancy requirements are 
much less likely to exhibit the kind of dis- 
persion that would result in significant over- 
qualification differentials than are those in 
more highly skilled occupations. For this 
reason, the sample was limited to those in- 
dividuals in the “professional, technical, 
and kindred” and “managers, officials, and 
proprietors” occupational categories. 

Because overqualification differentials are 
the outcome of geographical mobility, such 
differentials will not be observed for couples 


va 
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for whom economic considerations play no 
role in the location decision. In the hope of 
limiting the number of such couples in the 
sample, no couple was included whose cur- 
rent residential location was the same as the 
husband’s location at age 17. The sample 
was further restricted to include only non- 
rural private wage and salary workers for 
whom health considerations restricted 
neither the kind nor amount of work per- 
formed. These restrictions resulted in a 
sample of 444 husbands and 89 wives. 


B. The Wage Equation 


The SEO data permit the identification of 
five urban size categories for each respon- 
dent as shown in Table 2. Separate inter- 
cepts for husbands and wives were esti- 
mated for each of these five urban size 
categories. Control variables were also 
included in the wage equation and are 
shown in Table 3. Separate experience co- 
efficients were estimated for mothers in an 
attempt to capture the effect on earnings of 
the irregular labor force participation pat- 
tern associated with the early years of child- 
rearing (see, for example, Polachek). The 
results of fitting the above wage equation to 
the sample of highly skilled urban married 
persons are reproduced in Table 4. 

The pattern of wives’ wages increasing 
with market size predicted by the over- 
qualification differentials hypothesis!® is 
confirmed qualitatively by the urban size 
coefficients reported in Table 4. The pattern 
of husbands’ urban size coefficients shows 
no appreciable variation across the first 
three market categories but, contrary to 
prediction, the two largest categories show 
significantly higher wages than for urban 


16 Because each urban category variable includes a 
large number of physically distinct markets, there is 
a presumption that market-specific effects that are 
unrelated to market size will not be distinguishable 
in the values of the urban category coefficients. 
Differences in wives’ wage rates across categories will 
thus be the result either of overqualification differ- 
entials or of some other cause that is specifically re- 
lated to market size, 
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TABLE 2—URBAN SIZE CATEGORIES 


Average 1970 


Population 
Urban Category (1000's) 
Urban Non-SMSA 12.0 
SMSA < 250,000 144.6 
SMSA 250,000 — 500,000 329.3 
SMSA 500,000 — 750,000 ` 620.8 
SMSA 750,000 + 2138.9 


Source: U.S. Bureau of the Census, Census of Popula- 
tion: 1970, v. 1, Part A. 


non-Standard Statistical 
Areas (SMSA).” 

The fact that separate intercepts were 
estimated for each of several market size 
categories means that the overqualification 
differential between husbands and wives 
can be estimated in a variety of ways. 
Designating SMSA < 250,000 as the 
reference.category (hereafter, small SMSA), 
four separate estimates of X% (the average 
overqualification level for wives in small 
SMSAs) can be computed by comparing the 
difference in the husbands’ and wives’ inter- 
cept terms for the reference market with the 
corresponding differences for each of the 
other four markets, according to equation 
(21).'8 These four estimates were computed 
and found to exhibit a rather disturbing 
degree of dispersion, ranging from a high 
of more than .23 to a low of less than .01. 
Accordingly, any inferences about over- 
qualification differentials based on the co- 
efficients reported in Table 4 should be con- 
sidered highly tentative. 


Metropolitan 


'7Such an increase could, for example, be the result 
of higher living costs characteristic of larger cities. 
Because overqualification differentials are inferred 
from intermarket comparisons of intramarket hus- 
band-wife earnings differences, however, cost-of- 
living differentials should introduce no distortions. 
Alternatively, the higher husbands’ wages observed 
in large cities could result from some unmeasured 
differences in the personal characteristics of this 
group. Differences of this sort would bias downward 
our estimates of overqualification differentials. 

'8The assumption is made that the number of job 
vacancies in each market is proportional to the mar- 
ket’s population. 
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TABLE 3—-CONTROL VARIABLES 





Symbol Definition Mean Value 
EDUC. Years of school completed 14,52 
EDUC? 218.68 
EXPER Age-Educ-6 for husbands and for wives 10.57 
without children? 
EXPER? 153.53 
MEXPER Age-Educ-6 for wives with children 1.77 
MEXPER2 28.12 


Census Region 


Northeast, Northcentral, South, or West 


aThe SEO file unfortunately contains no real information on individual work ex- 
perience. Oaxaca has employed the difference between (age) and (the number of years 
of education + 6) as a measure of the maximum length of work experience attainable 
by an individual! of given age; ““Age-Educ-6” is used for the same purpose here. 


TABLE 4—DETERMINANTS OF WAGE RATES FOR 
HIGHLY SKILLED URBAN MARRIED PERSONS 


Male Female 
Urban non-SMSA .000 — 355 
(.154) 
SMSA < 250,000 —.014 —.347 
(.082) (.178) 
SMSA: 250,000 — 500,000 - 011 ~.214 
(.087) (.170) 
SMSA: 500,000-750,000 197 — 128 
(.088) (.170) 
SMSA: 750,000 + 185 — 094 
(.069) (.116) 
EDUC .230 
(.059) 
EDUC? —.006 
(.002) 
EXPER .035 
(.015) 
EXPER? — .00039 
(.00061) 
MEXPER .057 
(.022) 
MEẸXPER? —.0019 
(.00097) 
Northeast .000 
Northcentral —.080 
(.055) ke 
South ~.126 
; (.056) 
West ~.103 
(.057) 
Constant 1.130 
R2 = 27 


Sum of squared residuals = 34.68 
Number of observations = 533 


Note; Standard errors are in parentheses. Dependent 
variable: logarithm of hourly wage rate. 


With this caveat in mind, the arithmetic 
average of these four estimates was com- 
puted, yielding the following estimate for 
the average overqualification level of wives 
in small SMSA (which, in 1970, had an 
average population of roughly 145,000): 


(28) Xf, = .078 


Taken at face value, this estimate says 
that wives in skilled occupations in small 
SMSAs earn nearly 8 percent less than hus- 
bands with the same measured levels of 
education and experience. This amounts to 
nearly a quarter of the small SMSA hus- 
band-wife earnings differential that is un- 
explained by the crude and limited set of 
personal characteristics control variables in 
Table 4. For all of its uncertainty, this 
figure appears substantial enough to sug- 
gest that the subject of overqualification 
differentials is worthy of more detailed 
empirical exploration. 


IV. Conclusions 


The subject of male-female earnings dif- 
ferentials is one charged with considerable 
emotion and controversy. Accordingly, it is 
important to spell out very clearly just what 
the magnitudes described in the previous 
sections do and do not imply. 

The average overqualification differential 
between spouses in a labor market of rep- 
resentative size, X% — X%, measures the 
average fraction by which wives’ earnings | 
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are reduced purely as a result of having 
followed their husbands to a particular geo- 
graphic location. This component of the 
observed male-female earnings differential 
is not the result of discrimination against 
females by employers and in general will be 
unresponsive to attempts to eliminate em- 
ployer discrimination.” To a large extent, 
however, differences in the male-female dis- 
tributions of productivity related char- 
acteristics make outwardly sexist family de- 
cision rules economically rational, and one 
must look beyond the family in examining 
the extent to which antifemale bias accounts 
for the uneven distribution of productive 
characteristics endowments we presently 
observe. a 

The expression for the residual parameter 
r given in equation (27) may be described 
as an estimate of the gap between male and 
female wages (expressed as a fraction of the 
overall average wage rate) that cannot be 
accounted for on the basis of differences in 
observable personal characteristics or by 
family location considerations of the type 
discussed in this study. To the extent that 
employers do discriminate against females, 
effects of such behavior on wage differentials 
will be included in this residual. The re- 
sidual will also include the effect of dif- 
ferences in unobservable personal char- 
acteristics between males and females. 

Personal characteristics that are unob- 
servable by researchers may or may not be 
observable by employers. Employers may 
well be aware, for example, of how much 
firm-specific human capital an employee 
has, whereas researchers are largely ignorant 
of this magnitude. Wage differentials that 
arise from male-female differences in the 
values of such characteristics will be similar 
to those that arise from differences in ob- 
servables such as formal education, in the 


19This, of course, does not imply that the particular 
type of overqualification differentials discussed in this 
study are not the result of discrimination against fe- 
males by persons or institutions other than employers. 
Indeed, insofar as sexist family location decision 
mechanisms are alone responsible for these over- 
qualification differentials, these are very palpably the 
result of antifemale bias. 
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sense that neither constitutes a signal of 
antifemale discrimination by employers. 
The influence of unobservable character- 
istics, however, will be visible to researchers 
only as part of the residual estimate, where 
it will be empirically indistinguishable from 
the influence of discrimination. 

It is also possible that characteristic dif- 
ferentials that are observable for individuals 
by neither employers nor researchers may 
be responsible for some of the otherwise 
unexplained male-female wage differential. 
If, for the sake of argument, employers have 
observed from experience that males are 
more productive than females with similar 
observable personal characteristics, then 
females will fall victim to the type of sta- 
tistical discrimination described by Ed- 
mund Phelps: a female with true produc- 
tivity characteristics identical to those of a 
given male will be paid less even by cost- 
minimizing employers if all relevant char- 
acteristics are not observable but must 
instead be estimated on the basis of male 
and female averages inferred from historical 
experience. As in the case of the effects of 
characteristics observable by the employer 
but not the researcher, such statistical dis- 
crimination effects will show up as part of 
the unexplained residual estimate given in 
equation (27), where they too are insepa- 
rable from the effects of pure sex discrimi- 
nation. 

While all of the factors that unite to form 
the unexplained residual term are separate 
and distinct from the influence of over- 
qualification differentials, some of these 
factors may themselves be influenced by the 
family location decision mechanism that 
generates these differentials. In the human 
capital literature, for example, firms are 
described as willing to invest in firm-specific 
human capital for an employee under the 
assumption that he will not leave the firm 
before its investment is recovered. For 
males operating under the family location 
mechanism described in this study, this is 
likely to be a reasonable assumption, since, 
by definition, firm-specific human capital is 
worth less to the employee in firms other 
than his own. For females under the same 
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decision mechanism, however, this calculus 
clearly may not apply: if wives do indeed 
move or stay less in response to considera- 
tions involving their own careers than to 
considerations involving their husbands’, 
cost-minimizing employers will respond by 
investing in less firm-specific human capi- 
tal for women.” 

The identification and disentanglement of 
these and other possible effects in the esti- 
mate of the unexplained residual in the 
male-female differential will have to await 
the development of more comprehensive 
data and better methods of analysis, but at 
least a much clearer picture of their com- 
bined total size should be made possible by 
eliminating the effects of locationally de- 
termined overqualification differentials. 


20By this line of reasoning, the incentives for firms 
to invest in general human capital should be equally 
low for both men and women. If the acquisition of a 
home and family makes married males less geographi- 
cally mobile than single males, firms would be more 
willing to invest in specific traning for married males, 
which might be one reason why married males earn- 
more on average than single males. 
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Optimal Investment Strategy for Boomtowns: 
A Theoretical Analysis 


By RONALD G. CUMMINGS AND WILLIAM D. SCHULZE* 


As the United States continues its drive 
for self-sufficiency in energy, a wide range 
of associated problems have appeared such 
as public safety (for example, the disposi- 
tion of uranium tailings), environmental 
quality, competition for resources between 
the energy sector and other sectors (par- 
ticularly, the competition for water with the 
agricultural sector), and the creation of 
boomtowns. Current manifestations of 
these problems are most likely only the tip 
of the iceberg given the unprecedented 
scale of new energy developments antici- 
pated in the United States, particularly in 
the western states (see Federation of Rocky 
Mountain States). Increasing concern has 
been raised as to just how state, federal, 
and local governments are to deal with 
these problems given the substantial shift 
in the basic structure of the U.S. energy 
producing sector. 

Of these problems, those associated with 
boomtowns are the subject of growing con- 
cern for policymakers in Rocky Mountain 
states, reflecting to some extent the recent 
discouraging experiences witnessed in such 
communities as Rock Springs and Gillette, 
Wyoming (see John Gilmore and Mary 
Duff). Boomtowns are characterized by 
large jumps in population over a five- to 
twelve-year construction period, after which 
the population settles to a lower level as- 
sociated with the completed activities such 
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as mining or power plant operation. The 
strains placed on ofttimes fragile socio- 
cultural and institutional systems, as well 
as on social infrastructure, which result 
from such rapid rates of population in- 
crease in relatively sparsely populated 
areas, are apparent after only a moment’s 
reflection, and have been described else- 
where in some detail (see Gilmore, and 
Gilmore and Duff). 

In this paper we are concerned with that 
dimension of boomtown problems related 
to the provision of social infrastructure 
(streets, roads, schools, public safety fa- 
cilities, etc.). Given a community faced 
with boomtown conditions, it seems clear 
that the community would not wish to in- 
vest in infrastructure in an effort to main- 
tain preboom period per capita levels for 
the relatively short-lived peak of the boom 
inasmuch as substantial idle stocks would 
remain in future years. On the other hand, 
it is not at all clear that per capita infra- 
structure is optimally held at the lower 
levels corresponding to the long-run (post- 
construction)\‘stable” population. On in- 
tuitive grounds\one would expect an op- 
timal policy for investments in social 
infrastructure to be one wherein the mar- 
ginal capital costs of excess capacities dur- 
ing the postconstruction period are in some 
sense equated with the marginal social costs 
attributable ‘to deteriorated services from 
somewhat lower levels of social infrastruc- 
ture during the construction phase. 

In considering these problems, intuition 
is virtually the only game in town at the 
present. Looking to lexisting literature, 
only the most limited efforts seem to have 
been made to date in terms of providing a 
conceptual structure which might serve as 
an analytical framework for this class of 
problems (see Berry Ives, William Schulze, 
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and David Brookshire; Cummings and 
Arthur Mehr). 

The central purpose of this paper is thus 
to suggest such a conceptual structure and 
to deduce from this structure a number of 
lines of argument which have clear opera- 
tional significance in terms of future re- 
search. To this end, in Section I we con- 
struct a general investment model which, 
drawing on relevant aspects of welfare 
economics, captures the essence of the 
boomtown’s decision environment. In Sec- 
tion II the economic characteristics of a 
socially optimal investment strategy are 
analyzed in some detail, and policy rami- 
fications related to tax policies, construc- 
tion scheduling (for the energy facility), 
and financing (for example, “front-end” 
monies) are discussed. Results from our 
optimization model are shown to provide a 
basis for explaining various characteristics 
of ongoing booms. Greater stability (in 
terms of periodic changes in population and 
the labor force) during the construction 
phase is shown to occur the lower are in- 
terest rates and the sooner that investments 
in infrastructure occur, Investments in so- 
cial infrastructure that begin only after the 
construction phase is well under way are 
shown to potentially exacerbate the boom, 
increasing instability rather than reducing 
it. 

Concluding remarks which focus on the 
ramifications of these results for empirical 
research are given Section III. The notation 
used in the sections below is as follows: 

t = time 
t* = the time at which investments 
in social infrastructure cease 
W = wage rate 
L = labor used for construction of 
the facility, variable over the 
construction interval 0 < t < T 
labor used for operation of the 
facility, constant during the op- 
erating interval T < t < œ 
I = investment in social infrastruc- 
ture 
K = social capital (where per capita 
stocks are given as k = K/L) 


~ 
I 
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K-(0) = the initial stocks of social infra- 
structure in the community be- 
fore construction of the facility 
begins 

K+(0) = the initial stock of social infra- 
structure after front-end invest- 
ments 

S(L) = a concave production function 
for construction of the facility 
C(t) = construction completed at time 
`t (Č = completion) 
r = social rate of discount 
m = maintenance and 
costs /unit of K 
U(k, W) = utility of individuals (U is a 
concave function, U,, Uy > 0) 
h = the (constant) elasticity of labor 
in construction 
ņ = elasticity of substitution be- 
tween wages and per capita 
infrastructure. 


operating 


I. An Investment Model for Boomtowns 


We begin by positing the existence of a 
small municipality in or around which a 
large-scale energy extraction /conversion 
facility is to be located. Our decision maker 
is assumed to control not only investment 
policies for social infrastructure in the 
municipality, but the staging of construc- 
tion activities at the new facility as well. It 
follows that two types of capital stocks and 
investments are of concern to the decision 
maker. One type of capital investment is 
social infrastructure, the other is the facility 
under construction. 

The stock of social infrastructure at any 
time t is defined as K(t) where additions to 
this stock at t are Z(t). We assume that, 
with a rate of periodic unit maintenance 
costs m, capital stocks are of infinite life. 
The intertemporal transition of capital 
stocks is then given by 


(1) dK(t)/dt = 1(t)> 0, O<t<T 


Note that we are assuming that capital 
investment is irreversible in that we treat 
I(t) as nonnegative. This assertion is rea- 
sonable for roads, schools, and public 
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buildings, and characterizes the central 
problem of boomtowns: the immobility of 
much of the appropriate social infrastruc- 
ture. 

We assume that the construction of the 
new facility is to be completed by time T. 
The level of the facility’s completion at any 
t is given by C(t), expressed, for example, 
in dollars. Periodic construction is deter- 
mined by the amount of labor used L(t), 
and is given by a concave function f(L). 
Defining C as the completed facility, we 
then require the following: 


(2) 
dC(t)/at = f(L), f° 20,f" <0,0<t<T 
(3) c(t) =C 


In terms of acquiring the required labor 
for construction L, we assume a utility 
function for homogeneous units of labor of 
the form U(k, W), where W is the wage and 
k is per capita (in units of labor)! social 
infrastructure, K/L. The inclusion of k in 
the utility function implies the use of k as a 
surrogate for the individual’s ‘quality of 
life” in a community, and clearly a number 
of considerations other than social infra- 
structure are relevant for such quality. The 
ramifications of introducing an expanded 
set of variables relevant to the utility of 
labor are discussed below in Section III. 

We define U(k,W) as a representative 
utility level for labor in communities from 
which our boom community must attract 
its labor supply where k and W characterize 
social capital and wage levels in these com- 
munities. To induce labor to locate in our 
boom community, we must then require 
that 


(4) U(k,W) = UR, W); Up, Uy > 0 


where we abstract from transportation costs 
and assume that equality holds in the first 
relation. 


!With population P some function P(L) of the 
labor force, per capita infrastructure is of course 
K/P(£). The P may be viewed as linear in £, and we 
ignore this transformation of L to P to simplify the 
analysis. 
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From (4) it then follows that dW/dk = 
—(U,/Uy) < 0, and a tradeoff exists be- 
tween boomtown wages and per capita so- 
cial capital. Of course, this tradeoff lies at 
the heart of the inquiry intended here and 
implies that wages become a function of per 
capita social capital stocks, W(k). 

With the structural conditions (1)-(4), we 
assume that our decision maker wishes to 
minimize the social costs associated with 
the construction and operation of the new 
facility, where social costs are taken to be 
the sum of the wage bill for constructing 
and operating the facility (W(kK)L(t)), plus 
investment (7) and maintenance costs (mK) 
for social capital. Note then that mainte- 
nance costs are assumed to be a constant 
fraction m of capital costs. We also allow 
for the possibility that the decision maker 
may wish to preinvest in social capital to 
provide an initial stock (K*(0)) greater 
than which currently exists (K~(0)). For 
the postconstruction period œ > t > T, 
we assume a constant labor force L which is 
required for the operation of the facility, in 
which’ case social costs during the post- ` 
construction periods depend solely on so- 
cial capital at T; that is, the present value 
of social costs during the period œ > t > T 
are given by 


(5) J j eT W(K(T)/L)L + mK(T)jdt 


Assuming as we do that equilibrium con- 
ditions apply in the interval t > T with L 
fixed at L, the wage W that results in 
equality in (4) is determined solely by K(T), | 
the remaining capital stock (where W(k) = 
W(K(T)/L)). 

Our decision maker is thus seen to face 
the problem of choosing nonnegative values 
for L(t) and Z(t) which minimize the fol- 
lowing expression subject to the conditions 


(1)-(3): 
(6) Min: K*+(0) — K-(0) 


+ f i e"[W(K)L(t) + I(t) + mK] dt 
0 


+ T ; e"(WIK(T)/E)E + mK(T)]dt 
T 
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The decision maker’s motivation for 
minimizing (6) stems from his assumed 
control over capital stocks used for infra- 
structure and the facility. Increments to 
capital stocks for the facility obtain via 
increases in L(t) which by (4) imply higher 
wages, and therefore higher “investment” 
costs for the facility. Increments to infra- 
structure via /(t) directly imply higher costs 
for infrastructure, but lower wages (invest- 
ment costs for the facility) will result (see 
(4)). Basic to the minimization of (6) is thus 
the wage-infrastructure tradeoff alluded to 
above. 

Of course, the structure of (6) allows for 
investments in infrastructure prior to arrival 
of the construction labor force (K*(0)). 
Further, the right-most integral (from T to 
infinity) is essentially a terminal value func- 
tion measuring the infrastructure—related 
benefits that accrue to the postconstruction 
period labor force. 

Necessary conditions for a minimum of 
(6) are developed in the Appendix. To fa- 
cilitate the discussion in the next section, 
we wish to state a few key propositions, 
proofs for which are also given in the Ap- 
pendix. These propositions make use of two 
additional assumptions that greatly simplify 
the analysis. They are: 

Assumption 1: Constant elasticity of 
substitution between wages and per capita 
social infrastructure in equation (4): 

dW k 
(7) n dk W 

Assumption 2: Constant elasticity of labor 

in construction in equation (2): 


@ hae 


n>0O 


l>h>0O 


The term k is of course also the share of 
labor in the competitive construction indus- 
try. 

With these additional assumptions, the 
following propositions hold: 


PROPOSITION 1: During any interval in 
which labor is used for construction and As- 
sumption | holds, the marginal revenue prod- 
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uct of labor in construction exceeds the 
construction wage by a factor of 1+ 7. 
Thus, we have 


(9) (1 + 1)W = de"f"(L) 


where ge" is the current value of construction 
at time t. (The symbol @ is used for the 
costate variable on (2) above in the optimal 
control problem as specified in the Ap- 
pendix.) 


PROPOSITION 2: During any interval 
wherein investment in social infrastructure 
occurs and where Assumption | holds, the 
equilibrium condition 


(10) nW(k) = (m + nk 


for social capital investment per capita also 
holds and social capital per capita is fixed at 
somek = k*, 


PROPOSITION 3: During any interval in 
which labor is used for construction and 
where Assumption | holds, the rate of labor 
use increases over time. If, in addition, As- 
sumption 2 holds, during an interval when in- 
vestment in social infrastructure occurs, the 
optimal exponential rate of labor growth 
(dL /dt)/L is r/(1 — h). If no infrastructure 
investment occurs during an interval the 
optimal rate of labor growth is r/(n + 1 — h). 
Thus, the rate of labor growth is greater dur- 
ing intervals of infrastructure investment. 


PROPOSITION 4: If K-(0) > 0 and as- 
suming Assumptions l and 2 both hold, then 
labor use for construction is positive over the 
entire interval0 < t < T. 


PROPOSITION 5: If K-(0) is nonnegative 
and sufficiently small and L, the level of 
postconstruction employment, is sufficiently 
small, and if both Assumptions 1 and 2 hold, 
then there exists one point in time t*, 0 < 
t* < T, such that I(t) > 0 in the interval 
O<t<t* and I(t)=0 in the interval 
t <t< T: 


PROPOSITION 6: Given the assumptions 
of Propositions 4 and 5, the “final” level of 
cumulative investments in social infrastruc- 
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ture at t*, K(t*), is equal to the discounted 
present value of the optimal net future pay- 
back of the boomtown. Thus, 


(11) K(t*) = K(T) = 
T * gr- WL — mK(T)]dt 


where nWL can be considered the optimal 
tax collections and mK(T) the maintenance 
costs at each point in time for social capital. 


II. Analysis 


In this section attention will be focused 
on three aspects of the boom community 
which are of particular relevance for policy. 
First, we consider the nature of labor in- 
flows to the community, and comment on 
some of the factors which determine the 
character of the becom over time. Second, 
we consider tax policies for financing in- 
vestments in social infrastructure and the 
potential impacts of such policies on the 
time path for the construction of the new 
facility. Finally, we consider issues related 
to the optimal investment strategy for pro- 
viding social infrastructure. 


A. Rates of Labor Use 


From Propositions 3, 4, and 5, percent- 
age changes in the labor force over the 
construction period 0<t<T are de- 
scribed as follows: 





dL /at r 
Ah ae 
forO < t < t* wherein/ > 0 
(13) dL /dt r 


L` n+i-h 
fort* < t < Twherein/ = 0 


Thus, the character of the boom, as it 
relates to the rate of change in the popula- 
tion/labor force, is seen to depend on in- 
terest rates, the elasticity of substitution 
between per capita capital stocks and 
wages, and the structure of the production 
function f (L). Ceteris paribus, the higher 
the interest rate the greater the boom nature 
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of the construction period. Of course, this ~- 
relationship is immediately obvious when 
one considers the fact that the use of labor, 
embodied. in the partially completed (con- 
structed) facility C(t), accrues interest 
charges. 

The dependence of (dL/dt)/L on h (the 
elasticity of L in f(L)) is again obvious. If 
h = 1,in which case production is linear in 
L, interest charges on construction are 
minimized by using all required labor at 
one instant—the last instant t = T. For 
O< h< 1l, the larger is h the greater is 
(dL /at)/L, and with C fixed, the more labor 
is used in later periods. 

During the first interval 0 < t < t*, 
I> 0 and dk/dt = 0, which implies per 
capita social investment k(t) is maintained 
at k*, and dW(k)/dt = 0 with equality in 
(4). Thus (dL /dt)/L is independent of n 
(see (12)). When investments cease and k(t) 
begins to fall, wages must be increased to 
compensate for lower levels of k(t) for any 
level of labor use by (4). The “required” 
percentage change in wages for any per- 
centage change in per capita capital stock k ° 
is then given by ņ. Thus, the larger is n, 
the slower is the rate of increase in the labor 
supply. It then follows that (dL/dt)/L in 
the investment interval 0 < t < t* exceeds 
(aL /dt)/L in the interval t* < t < T. 


B. Tax Policies for Financing 
Social Infrastructure 


From Propositions 1 and 2, the following 
two conditions hold: 


(14) nW = (m + nk 
(15) WL +m) = Gf'e" 


As is demonstrated in Proposition 1, op- 
timal construction rates require that the 
marginal value product of labor, ¢/’ in 
(15), adjusted to refiect accrued interest 
(e*), equals the marginal cost of labor 
which is the wage plus a charge nW. From 
Assumption 1 nW may be written as 
— W'(k)k; this can be viewed as a marginal 
measure of the value of reduced wages 
which result from providing k(t) levels of 


m 


forO<t < t* 
for0 <t< T 


x 
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social infrastructure. Thus, nW is essentially 
a measure of the rents to the construction 
activity (via lower wages) attributable to 
the existence of k. Equation (14) then re- 
quires that the marginal value product of 
labor cover wages plus rents. Within a de- 
centralized setting, social optimality would 
then require a tax in the amount of the 
rents, nW. Finally, as shown in Proposi- 
tion 6, those tax collections over the life of 
the boomtown are sufficient to finance the 
optimal level of infrastructure stocks. 

As is discussed in greater detail below, 
with rents (or taxes) assigned to the munic- 
ipality, periodic investments in urban in- 
frastructure are carried to the level where 
marginal tax revenues 7W are equated with 
marginal capital charges (m + r)k, equa- 
tion (14). 


C. Investments for Social Infrastructure 


If, as we assume to be the case, per capita 
capital stocks in our community at the ini- 
tial moment (t = 0) are less than those in 
communities from which labor must be 
attracted and that such communities are in 
equilibrium as defined by (10) (i.e., k(0) < 
k* = k), there may be an initial “jump” in 
initial capital stocks. We then have 
K*(0) > 0 such that per capita capital 
stocks in the boom community equals that 
in the “outside” communities, and k(0) = 
k*. An optimal strategy then requires that 
investments continue over the interval 
0 < t < t* such that dk/dt = 0 (Proposi- 
tions 2 and 5). Equilibrium capital stocks 
k* are maintained until that period t* at 
which time the value of capital stocks, 
K(t*), just equals the present value of net 
tax collections in all future periods; that is, 
from Proposition 6, 


(16) 
K(t*) = Í {nWL — mK(T} et- at 
1* 
In (16), nWL are optimal tax collections 
in all future periods (as argued above), and 


mK(T) are periodic maintenance charges on 
the constant level of capital stocks, K(T). 
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The term under the integral is thus periodic 
net taxes available for financing capital 
stocks. 

An appreciation for the nature of the de- 
cision rules governing the optimal rate of 
investment for social infrastructure is en- 
hanced by the following observations. In 
the interval 0 < t < t* during which in- 
vestments take place, the following expres- 
sion holds: 


(17) W' = -(r + m) 


(Equation (17) is derived by differentiating 
Appendix equation (A7), and setting the 
result equal to Appendix equation (A8).) 
Within the context of our model, “benefits” 
attributable to investments in infrastructure 
are measured by the resulting reduction in 
wages required to attract the optimal level 
of labor. Thus, at any moment t, 0 < t < t*, 
investments are carried to the point where 
marginal benefits (the change—fall—in 
wages associated with an increment in in- 
vestments) equals marginal capital costs 
(the interest rate plus marginal maintenance 
charges), as given by (17). The rule (17) is 
followed subject to the constraint implied 
by (16), viz., that marginal capital cost 
equals the present value of net (of mainte- 
nance costs) benefits in all future periods 
that result from the increment in invest- 
ment. Thus, when the optimal stock K(t*) 
in (16) is obtained, marginal capital costs 
rise to the present value of future benefits 
and investments are terminated. 

In closing this section, we wish to note 
that the notion of a tradeoff between W 
and k has intriguing implications for a 
measure of considerable interest for invest- 
ment planners, viz., a measure of social 
benefits attributable to social infrastructure. 
The assumed relation W(k) may be stated as 
a hypothesis W = W(k) which can be em- 
pirically tested. Initial efforts to do so are 
reported in Cummings and Mehr. 


for0 < t< t* 


HI. Concluding Remarks 


In this paper we have attempted to pro- 
vide an analytical framework which pro- 
vides a systematic method for sorting out 
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the bits and pieces of the boomtown invest- 
ment problem in such a way that the inter- 
relationships between key policy variables 
. are brought into sharp focus. The key 
policy issues which surface from our sug- 
gested framework include the critical inter- 
related nature of the timing of investments 
in social infrastructure and tax policies, 
and the role of interest rates in affecting 
the character of the boom. 

But further, the results concerning tax 
policies and rates of change in L discussed 
above give rise to considerations directly 
relevant for a major set of problems facing 
decision makers in boomtown commu- 
nities, viz., the source and timing of funds for 
use in investing in social infrastructure. 
Generally, tax revenues available to com- 
munities for such investments are derived 
from property and/or some kinds of ad 
valorem taxes. Thus, tax collections from 
the new facility are forthcoming only after 
construction activities are completed, (see 
Mehr, chs. 1 and 2), t > T, which is to say 
after the major boom period has termi- 
nated. This is the front-end problem facing 
boomtowns, and relates to the preinvest- 
ment activity K*(0) in which we allow a 
jump in capital stocks in the initial period. 
In our model, any level of preinvestment 
(front-end investments) is permitted so long 
as the budget constraint (16) is satisfied. 


L(t) 


t t 
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Thus, one can borrow all monies which 
may be repaid over the interval t* to œ. 
In reality, however, most communities arè 
faced with a number of legal as well as mar- 
ket restrictions on their borrowing capacity. 

The ramifications of such restrictions on 
the community’s capacity to invest are 
demonstrated in Figures | and 2. Under our 
optimal policy, the time path of labor use 
L,(t) begins at a relatively rapid rate given 
by (12); at t*, the slower rate (13) applies 
until the completion of the construction 
activities at T. Per capita capital stocks 
(k,(t) in Figure 2) are maintained at equilib- 
rium levels k* until t* at which point the 
budget constraint (16) becomes binding, 
and per capita stocks decline. 

The community that lacks the funds for 
investments in social infrastructure begins 
with k(0) < k*, and I(t) = 0 initially. It 
must then begin with a larger initial labor 
force (Z,(0)), and therefore a sharper initial 
boom impact. This follows from the fact 
that under optimal conditions the rate of 
growth in labor in the period O < t < t* 
exceeds that in the community without in- 
vestments (equations (14) and (15)). 

As is typically the case however, if at 
some later period t’ the community should 
acquire funding capacity which is used for 
investments in social infrastructure, two 
problems arise. First, boom conditions at t’ 
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are exacerbated by an increase in the rate of 
change in L (moving from the rate (13) to 
the rate (12)) if the growth in capital (K) 
begins to match the growth in labor force. 
Second, given the shorter periods over 
which the tax nW may be collected for the 
purpose of debt retirement, the repayable 
amount of investments may fall well short 
of equilibrium levels k* (k,(t) in Figure 2). 

These observations, of course, argue for 
concern as to methods for facilitating the 
acquisition of preboom, front-end monies 
by boom communities—the timing of such 
investments may be every bit as important 
as the amount of funds that might be even- 
tually made available to the community. 
But there is a second dimension to these 
arguments, viz., the source of repayment 
funds. Optimality, within our admittedly 
limited framework, implies a tax related to 
wages as well as to individuals’ elasticity of 
substitution of W for k. Thus, substantial 
tax collections are received during the con- 
struction phase. As noted above, in many 
communities mechanisms simply do not 
exist for the community to levy what one 
might think of as infrastructure-related 
“use taxes’; their major source of taxes 
emanate from the completed facility, the 
flow from which then begins after the boom 
period, The states receive income taxes, of 
course, but there is no a priori reason to 
expect any close relation between income 





taxes and the use tax nW, the issue as to 
the proportion of such income taxes re- 
ceived by the community notwithstanding. 

In terms of the tax issue, an interesting 
problem which should be noted but which 
lies well beyond the intended scope of this 
paper concerns the question: who pays the 
tax nW? From a “use” point of view, one 
may argue that labor—the users of social 
infrastructure—should pay the tax. On the 
other hand, as discussed above, the com-. 
munity’s investments in social infrastruc- 
ture has the effect of generating rents to the 
facility, and one may argue that these rents 
should be taxed in order to pay for the 
source of such rents. 

The scope of our model is certainly lim- 
ited, and there are a number of potentially 
useful ways in which it might be extended to 
the end of more richly capturing the deci- 
sion environment relevant for policymakers 
in boomtown communities. While a large 
number of candidates exist in terms of pos- 
sible extensions of our model—for example, 
the multiple-boom phenomena, problems 
associated with imperfect information to 
in-migrating labor, aesthetics, and other 
externalities (see Ives, Schulze, and Brook- 
shire)—we would like to comment briefly 
on one extension which appears to us to be 
of particular relevance for future empirical 
research concerning optimal investment 
strategies in boomtowns. 
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It would seem to be most desirable to 
expand the capital stock variables along 
two lines. First, as they relate to the welfare 
argument on which our analysis is based, 
private capital stocks are clearly relevant. 
By private capital stocks we refer to the 
availability of such things as housing and 
shopping centers. Second, it would be use- 
ful to differentiate between types of social 
infrastructure, for example, schools, public 
safety facilities (police and fire), recreation 
facilities, streets and roads, water supply 
and waste disposal facilities, etc.? Sharpen- 
ing the focus on capital investment ex- 
penditures, a consideration from which we 
abstract in our model, may then require 
explicit treatment of the potential boom 
effects of such investment expenditures 
themselves. 


APPENDIX: A MODEL OF OPTIMAL 
SOCIAL INVESTMENT FOR BOOMTOWNS 


From Section I the objective of our de- 
cision maker is to minimize the sum of so- 
cial infrastructure investment costs and the 
labor costs of construction. Thus, we wish 
to minimize 


(A1) K*(0) — K~(0) 
+ f ' e IWILL) + I(t) + mK(t)] dt 
0 


+ J ” eM WIK(T)/LIL + mK(T)] dt 


subject to 
(A2) dK(t)/dt = Kt), (t)>0,0<t<T 
(A3) 
aC(t)/dt = f(L), f'20,f"<0,0<t<T 
(A4) cr =C 

Following Pontryagin et al. we form the 
Hamiltonian: 
(A5) H = —e"(W(A)L(t) + U(t) + mK(t)] 

+ EO) + WSL) 


where &(t) and #(t) are the costate variables 


2Tentative efforts in this direction are reported in 
Cummings and Mehr. 
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for the state variables K and C, respectively. 
A necessary condition for the minimization 
of (Al) is that (A5) be maximized with 
respect to the controls L and J over the 
interval 0 < t < T where we are in effect 
maximizing the negative of (A1). 

From Kuhn-Tucker theory, the necessary 
conditions for a maximum of H are as fol- 
lows, given the assumption of constant 
utility (where W’ = dW/dk < 0): 


(A6) 
dH/dL = e" W'K/L* — "W + Of' < 0 


(@H/aL)L =0, L2>0 
(A7) dH/al = ~e" +& <0, 
(@H/all=0, 120 


The differential equations governing the 
costate variables are 


(A8) 
(A9) 


dt /dt 
do/dt = 


1i 


—dH/aK = e-"(W' + m) 
-3H /ðC = 0 


while the condition for choosing K*(0) is 


(A10) £0)-1<0 
(€(0) — 1)(K*(0) — K~(0)) = 0 
(K*(0) — K-(0)) > 0 


The condition for choosing K(T) is 
(All) (T) = — T e"TW' + mdt 
T 


and the condition for the terminal con- 
straint on construction is 


(A12) (C(T) - OT) = 0 
(T) 2 0, 
(C(T)- C) > 0 


If we employ Assumption 1 we then have 
(K/W)(W'/L) = —n; after rearranging 
terms (A6)-(A12) are rewritten as follows: 

0 
0 


i 


> for L 


(A6) (1 + nw | oes for 7 


j A >) for! = 0 
VATI {e 2 £ for > 0 


dé/dt = e`" (mk — nW)/k 


IV 


(A8’) 
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(A9’) g(t) = @ = constant 


fs). ffor K*(0) = K-O) 
(A10’) os} l eee > K-(0) 


(A11) &(T) = 
= f  etimk — W)/Êdt 
T 
(k = K(T)/L) 
hi m fl 5 er = C 
me for C(T) > Č 


The proofs of the propositions stated in 
Section I then follow immediately: 


PROOF of Proposition 1: 

This proposition can be shown by noting 
that L > 0 implies (A6’) holds with equality 
and that ¢ is a constant, ¢ from (A9’). Thus 
we have 


(A13) (1+mW = pe"f' (L) 

Since @ is the present value costate variable 
on construction, pė” is the current value co- 
state variable on construction and the right- 
hand side of (A13) corresponds to the mar- 
ginal revenue product of labor. 


PROOF of Proposition 2: 
With J > 0 equality holds in (A7’). Dif- 
ferentiating (A7’) with respect to time yields 


(A14) dt /dt = — re" 


Setting (A14) equal to (A8’) then yields 
equation (10). Totally differentiating (10) 
with respect to t implies dk/dt = 0 in which 
case k is fixed at some k = k*. 


PROOF of Proposition 3: 


Since L > 0 implies that (A13) holds, we 
can differentiate with respect to t obtaining 


(A15) (1 + W” G dK /dt — i a jaj 
= rpe'f' + Fer f" dL /dt 


Rearranging terms and using Assumption 1 
and (A13) we obtain 
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n(dK /dt)/K + r 
n — Lf" IF 


since dK/dt = I > 0,7, r, L, f’ > 0, and 
f" < 0. Thus labor use rate increases over 
time. Using Assumption 2 we have f’L = 
hf, which upon total differentiation yields 
f"L4+f' =hf',orl1—h= —-Lf"/f'. Thus 
from (A16) we have 


(A16) (dL /dt)/L = 


(A17) (dL /dt)/L = n(aK /dt)/K +r 
n+il-h 

If Z > 0 then (10) holds from Proposition 2 

and k is fixed at k* so K = k*L which im- 

plies (dK/dt)/K = (dL/dt)/L. Thus, from 

(A17) and using (dK /dt)/K = (dL /dt)/L we 

have 


(A18) (dL /dt)/L = — 


l—h 





If L > Oand/ = 0 we have 


(A19) (dL/at)/L = 4 


n+l-h 
since dK/dt = I = 0. Finally, 


A20 vita eh 
QO Toh Rae 


sincer,1—h,n > 0. 


PROOF of Proposition 4: l 
Using Assumption 2 and (A9'), condition 
(A6’) can be written as 


(A21) (1 + 1) W(k) > Ge" f(L)h/L 


Since W « k~" Assumption 1 and f « L* by 
Assumption 2 we can show that L = 0 by 
noting that lim L > 0 W(K(t)/L) = 0 since 
K-(0) > Oand dK/dt = I > Oimplies K(t) > 
0, and that lim L —> 0 f(L)/L = œ so that 
the right-hand side of (A21) must be greater 
than the left-hand side for L = 0 which is a 
contradiction. 


PROOF of Proposition 5: 

(a) First consider the terminal condition 
on K(T), (A11’), which can be rewritten by 
integration as 
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(A22) ET) = [M WÈ) - mR re 
since Wh) and k are fixed over the interval 


% > t> T.Ifk > k*, since W'(k) < 0 we 
have by equation (10) 


(A23) [(@@W(k) — mR) /k) <r 


which by (A22) implies that &(T) < e`". 
This in turn implies that /(T) = 0 by (A7’). 
Note that k = K(T)/L will be greater than 
k* if L is sufficiently small and since I(T) = 


_ Owe must then have t* < T. 


(b) Now consider the initial condition on 
K(0), (A10’). From this we can show that if 


(A24) K-(G) < k*L(0) 
then 
(A25) k{0) < k* 


Thus, if 7(0) > 0 and K+(0) > K~(0) then 
&(0) = 1 by (A10’) and k(0) = k* by Propo- 
sition 2. If 1(0) = 0, then &(0) < 1 by (A7’) 
and K+(0) = K~(0) from (A10’); thus, 
(A24) implies K~(0)/L(0) = K*(0)/L(0) = 
k(0) < k* where the inequality holds true if 
K~ (0) is sufficiently small since L(0) > 0 by 
Proposition 2. It then follows that J(0) > 0 
implies k(0) < k*. 

Assume that /(0) = 0. In this case k(0) < 
k* as shown in (b) above. This implies that 
I(t) = Ofor0 < t < Tsot* = 0. This can be 
shown by noting that for /(t) > 0 we must 
have (t) = e™ but that (0) = 0 implies 
E(t) < e7 for0 < t < T since (0) < 1 and 
dg/dt< —re™™ < 0 for 0 < t < T. This last 
inequality results from the fact that 


(A26) (mk — nW(k))/k < -r 


if k(t) < k*(t) where W’ < 0 using Proposi- 
tion 2. Thus, since by (A8’) d&/dt = e“ 


(mk — nW)/k we have d&/dt < = re™ < 0. 


k(t) remains less than k* because k(0) < 
k* if I = 0, and since Z remains zero in the 
interval 0 < t < T, and dk(t)/dt < O(k = 
k/L) because (dL /at)/L > 0, from Proposi- 
tion 3. 

Now assume /(0) > 0. In this case t* < T 
as noted in (a) above. However, we can 
show that only one t* exists because in any 
interval where I(t) = 0, k < k*, so dt/dt < 
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` 
—re-'' as shown above and & remains less 


than e~". Thus, if /(t*) = 0, Z(t) = 0 for 
t> t*. 


PROOF of Proposition 6: 
Integrating (A8’) yields 
(A27) 
$ 
xe) — 10) = -f eaw — mk)/kdt 
0 


We then also have 
(A28) 


£(T) - &(0) = f T eA W — mk) flat 
and subtracting (A28) from (A27) yields 
(A29) 

E(t) = £(T) + ve e-"(nW — mk)/kat 


Using (A 11°), (A29) becomes 
(A30) (t) = i. e-"(nW — mk)/kat 


If we set t' = t* in (A30) and note that 
K(t) = K(T) fort > t* we then have 


(A31) 


&(t*) = e~"(nWL(t)/K(T) — m)dt 


t* 


Using (A7’) which implies that &(t*) = 
e-™, multiplication of both sides of (A31) 
by K(T) results in equation (11). 
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Money, Saving, and Portfolio Choice 
under Uncertainty 


By ELIAKIM KATZ AND ALFRED VANAGS* 


It is commonly held that risk aversion is 
an important factor in the demand for 
money. This view is based on the typical 
model of portfolio choice which takes the 
decision to hold a certain quantity of wealth 


as given and then considers the optimal dis- . 


tribution of wealth among different assets 
of varying degrees of attractiveness and 
riskiness. (See, for example, James Tobin or 
M.L. Cropper, a recent paper which incor- 
porates this appreach.) In this paper we 
consider simultaneously the decisions on 
saving-borrowing and portfolio composi- 
tion in the context of a simple two-period 
model. 

We find that whether or not positive 
money balances are held is sensitive to the 
motive for saving. In particular, we show 
that with an additively separable inter- 
temporal utility function, positive money 
balances will never be held whenever the 
motive for saving lies in general attractive- 
ness of assets (albeit risky ones). We then 
explore more fully tne structure of the joint 
savings-portfolio choice decision for the 
special case of a quadratic utility function’ 
which enables the role of money to be more 
clearly appreciated. 

We conclude that the supposition that 
some positive money balances will normally 
be held as part of an optimally diversified 
portfolio must be treated with care. It all 
depends on the motives for holding wealth. 
For example, if the motive for saving is to 
smooth out unequal endowments of wealth 


*Lecturers, Queen Mary College, University of 
London. We gratefully acknowledge the helpful com- 
ments of an anonymous referee, of our colleague, Ray 
Rees, and also the hospitality of the University of 
Guelph where Vanags was a visitor during completion 
of the paper. 

lThe quadratic has increasing absolute risk aversion 
and it is well known that as a consequence there are 


objections to its use. However, our results do not de- 


pend on this property. 
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over time or if saving is undertaken as a 
precaution against uncertain future endow- 
ments rather than uncertain asset returns, 
positive money balances will in general re- 
appear. 


I 


Consider an individual with the two- 
period utility function 


(1) U = V(Cy) + kV(C,) 


where C; is consumption in the ith period 
i = (1,2) and k < 1 is a time preference 
parameter. Suppose he has a certain income 
endowment in each period and is able to 
save in the first period either by accumulat- 
ing riskless money m which yields a zero 
rate of return or by accumulating the risky - 
asset a, the return on which is uncertain. 
Assuming maximization of expected utility 
the individual’s choice problem consists of 
choosing a and m so as to maximize (1), 
that is, the individual choice problem is 


(2) Max V( yp ~ (m + a)) 
+ kKEV(y, + m + ar) 


where yy and y, are income endowments in 
the two periods, r is the (contingent) return 
on the a asset in the second period and E is 
the expectation operator. As stated, a and 
m are unconstrained. However we wish to 
interpret the risk-free asset m as money; and 
it seems natural to restrict holdings of m to 
be nonnegative. By this we wish to reflect 
the fact that an individual is normally un- 
able to sell money short. Thus the appro- 
priate maximand is 


(3) L= V(yo — (m + a)) 
+ KE{V(y, + m + ar)| 
subject to 


(4) 


IV 
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Maximizing (3) with respect to a and m we 
obtain the necessary conditions 


ôL 


O = -V'O - (m + a) 
+ kE{rV'(y, + m +ar))=0 
(6) E= -V'(yo - (m + a) 
+ kE[V’(y, + m+ ar)] <0 


and also the complementary slackness con- 
ditions 


(7) m>0 
TAR 


We now wish to show that in a certain 
class of cases positive holdings of both a 
and m are incompatible. 

Consider (5) and (6) when yo < yı and 
m > 0. From (8) m > 0 implies that (6) is 
satisfied with a strict equality, i.e., 

(9) V'(yo — (m + a)) = 
KE(V'(y, + m + ar)| 

Using the Mean Value Theorem we have 
that 
(10a) V'(yo — (m + a)) = V'(yo) 

~ (m + ayV"(yo — Om + a)) 
and that 
(10b) V'(yı + @n + ar)) = V'(y1) 

+ (m + ar)V"(y, + O(m + ar)) 
0<0<1, O<¢<l 


Substituting in (9), this yields 
G1) V'(yo) - KV (v1) = 


(m + a)V"(yo — O(m + a)) 
+ KE[(n + ar)V"(y, + (mn + ar)] 


where 


Given our assumptions, the left-hand side 
of (11) is clearly nonnegative. Hence, the 
right-hand side of (11) must be nonnega- 
tive. Since V” < 0, this implies that, if 
r > 0, a must be negative so as to outweigh 
the positive m. (The condition on r will be 
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satisfied for all limited liability risky assets 
such as bonds, equities, etc.) 

Intuitively, the result may be seen by 
setting a = 0 in (9). Given that yọ < yi, 
and that k < 1, it is clear'that when m > 0 
this contradicts the strict equality in (9) 
since V'( yp — m) > KV'(y, + m). There- 
fore, in order to have (9) as a strict equality, 
a must be made negative whenever m is 
positive, that is, the risky asset is sold, re- 
ducing marginal utility in the initial period 
and raising the same in the later period. 
Thus, under the conditions posited we have 
established the incompatibility of simul- 
taneously positive holdings of m and a. 


il 


The equilibrium solution can be fully 
characterized for the special case where 
V(C) is quadratic, i.e, V(C) = C — (b/2)C?. 
In this case the first-order conditions may 
be written as: 


(12) 1 — b(yo — m—- a) = 
k{l — b(y, + m + ař)] 

(13) 1 — b(yo- m - a) = 
rk{1 — b(y, + m + af) — be?ka 


Equations (12) and (13) yield the solution 
values of a and m as long as m = 0; when- 
ever m < 0 equation (12) is irrelevant and 
the solution for a may be obtained by set- 
ting m = 0 and solving for a from (13) 
alone. 

Solving for a from (12) and (13) we ob- 
tain 


(14) a= (F — DI — byo) + (l — 4y,)] 
blF — 1)? + o(1 + k) 





From (12) we can write the solution for 
mas 


(15) 
Qo- WD _ O -k) _ a(l + k?) 
(1 + k) b(1 +-k) ee + k) 


From (15) we see that when yy < ky, = 
k < 1, m will be negative whenever a is 


—positive, that is the result we obtained 


above for the general utility function V(C). 
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When yọ = yı = y, the explicit solutions 
for a and m are 








[i= by\ l-a- bo? - F] 
(16) m =| b ie P+ (1 + He 
inas ( = h) 2F - 1) 

b J =D d+ be 


whenever the solution for m is = 0; and 


(i8) a- ( = » (Fk — 1) 
b JU + k+ o?) 


otherwise, The implications of these condi- 
tions for the equilibrium values of m and a 
aré summarized in Table 1.? 

Thus, whenever the expected gross return 
on the risky asset is sufficiently greater 
than unity (kF > 1) positive holdings of it 
will be desired, and, if it were possible, 
the individual would wish to sell the safe 
asset short. Since we interpret the safe asset 
as money, holdings of it are constrained to 
be nonnegative, yielding m = 0 whenever 
a > 0. Note that if the individual were un- 
constrained in selling m, he would choose 
to hold a positive quantity of a whenever 
F > 1 (from equation (14)) and would sell 





the safe asset short so as to smooth out con-` 


sumption over the two periods. That is, 
whenever a > 0, total saving m + a would 
be negative for yọ S ky, and k < 1, since 


from (15) we have 





(19) m+ae= 
Yr ky l-k = kF—i)a 
l+k bb +k) l+k 


which is negative under the posited condi- 
tions. When k < 1, an intermediate range 


is operative (kF <1 < VF + (l — kjo’) 


in which a is negative and m = 0; or if m 


2We assume that y and b are such that 1 — by > 0. 
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TABLE | 
Condition m a 
l>VP+U-bo? >0 <0 
kF<1< VF + 0 -— k)o? =0 <0 


kF>1 =0 >0 


were unconstrained it too would be nega- 
tive. i 

Finally, when the expected return on the 
risky asset is sufficiently low 


(VP +U- k)” <!) 


it is optimal to sell it short but now to hold 
positive quantities of m, again with the pur- 
pose of smoothing out consumption over 
time. 

The equal endowments case thus illus- 
trates more clearly the role of money in the 
savings-portfolio choice decision. When 
Yo = yı (and k = 1) the only motive for 
saving lies in the attractiveness of the risky 
asset (F > 1). If saving is undertaken, this, 
by definition, would drive down the ex- - 
pected marginal utility of consumption next 
period and drive up this period’s marginal 
utility. If short sales of the safe asset were 
permitted they would be undertaken so as 
to reallocate consumption and equalize 
marginal utilities over the two periods. Such 
an operation leaves the risk borne by the 
individual unchanged. 
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The Golden Rule and the Role of Government 
in a Life Cycle Growth Model 


By TOSHIHIRO IHORI* 


Peter Diamond has examined the effects 
of government debt on long-run competi- 
ive equilibrium in a life cycle growth 
nodel. His framework is of interest be- 
vause it has many features of a model of 
capital accumulation with decentralized de- 
tision making. Despite subsequent argu- 
nents surrounding the issuance of debt in 
steady-state models by A. Asimakopulos, 
Jerome Stein, and Paul Samuelson, the rela- 
‘ionship between the golden rule and gov- 
ərnment debt still remains ambiguous. The 
durpose of this paper is to provide a useful 
liagrammatic exposition of some of the 
nore obscure parts of the life cycle growth 
nodel and to clarify the implications of the 
irgument for the role of government in the 
process of decentralized accumulation. The 
present paper argues that a long-run trade- 
off between consumption possibilities plays 
a critical role in the discussions of long-run 
optimality. 

In Section I, I shall offer an analysis of 
che long-run tradeoff between consumption 
n the younger generation and consumption 
n the older generation, and examine the 
significance of the golden rule in the mar- 
set process. It will be shown that the golden 
rule path will not generally lead to a maxi- 
mum of everybody’s utility among all feas- 
ible steady growth paths, as long as the 
constraint of the market process is main- 
tained intact. Then, in Section II, I shall 
analyze the effects of government debt on 
che long-run optimal conditions and ex- 
amine the nature of the growth paths that 
sorrespond to different behavior of govern- 
nent. Section [JA considers Diamond’s in- 


*University of Tokyo. I am very indebted to 
Kazumi Asako, Motoshige Itoh, Koichi Hamada, and 
Mitsugu Nakamura for their valuable comments. 
Thanks are also due to an anonymous referee and 
the managing editor. Errors and interpretations are, 
of course, solely my own. 
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ternal debt policy, and Section IIB considers 
an alternative policy measure, namely eco- 
nomic activities of government financed 
from debt issue. It will be shown that the 
desired role of government is to provide 
some means whereby income can be redis- 
tributed between the younger and the older 
generations. 


1. The Golden Age Consumption-Possibility 
Curve 


The structure of Diamond’s model can be 
summarized as follows: 


(1) Y, = F(K,L,) = f(k)L 
(2) Y,+ Ky = Ka + ell, + Ly, 
(3) L, = (1 + n)' 

(4) Lis, = Kuai 

(5) Sp = Wy, et 

(6) et + eter /(L + rai) = w 
(7) w, = Fy = f(ki) — f'(k)k 
(8) r= Fk = f'(k,) 


where Y, is output, K, is capital, L, is labor 
force, e! is the younger age group’s con- 
sumption per capita, e? is the older age 
group’s consumption per capita, s, is sav- 
ings per worker, w, is wage rate, r, is rental 
price of capital, and k, is capital per worker, 
subscripts designating the period. 

Equation (1) represents a well-behaved 
aggregate production function with con- 
tant returns to scale. Equation (2) can be 
regarded as an equilibrium condition in the 
goods market. Equation (3) represents the 
supply of labor. Equation (4) represents the 
supply of capital to the capital market. 
Equation (5) defines each individual’s sav- 
ings. Equation (6) is his ex post budget 
constraint. Equation (7) can be regarded as 





FIGURE | 


an equilibrium condition in the labor mar- 
ket, because exogenous labor supply (3) is 
fully employed thrcugh the adjustment of 
wage rate. Similarly, equation (8) is an 
equilibrium condition in the capital market. 
In the six equations, (3)-(8), we have all 
the constraints of the market process.! 

Substituting k, = kı = k into equa- 
tions (4) through (8), we have 


(9) et = f(k) ~ [f'(k)+ 1 + alk 
(10) e = (1+n)l + f'(k)]k 


These equations describe the golden age 
consumption possibilities (e', e?) as a func- 
tion of the golden age capital-labor ratio 
(k). In Figure 1, curve OT shows the locus 
of pairs of e! and e? for any level of k. It is 
assumed that e' reaches a single maximum 
in the range where e? is increasing with re- 
spect to k, and that equation (10) has at 
best a single maximum point. As one moves 
upward and to the left along curve OT, the 
associated capital-labor ratio becomes 


'So long as equations (3)-(6) are satisfied, the three 
equilibrium conditions (2), (7), and (8) are not mu- 
tually independent. If supply equals demand in both 
the labor market and the capital market, the equality 
must hold in the goods market. Thus, the feasibility 
condition, that is, the equilibrium condition (2) will 
not be considered explicitly. 
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higher. The maximizing behavior of each 
individual will result in a single golden age 
equilibrium ratio (K) on curve OT. Thus, 
we shall call this curve the golden age con- 
sumption-possibility curve in the market 
process. 

If the equilibrium point £ associated with 
k is on OC or JT where (de! /dk)(de?/dk) > 0, 
k is dominated by the capital-labor ratio as- 
sociated with C or J in the sense that utility 
at C (at J) is definitely greater than utility 
at any point on OC (on JT). We shall call 
CJ where (de'/dk)(de?/dk) < 0 the efficient 
zone.2 Note that from the assumption of 
curve OT the efficient zone is continuous.’ 

The QR line denotes the feasibility condi- 
tion (2) when k is equal to the golden rule 
ratio k*, so that the marginal product of 
capital equals the rate of growth of labor 
supply; hence, it represents the maximum 
consumption possibilities in the centrally 
planned economy. From equations (9) and 
(10), the slope of curve OT is 


dè) __ (U+m+f' + kf") 
de! | OT l+n tkf” 


and the slope of line QR is —(1 + n). 
Therefore, 


(1 + nf’ — n) 
+n kf" 


Equation (11) implies that at G, associated 
with k*, curve OT is tangent to line QR. 
The point G lies on the efficient zone CJ. 
On GJ where k > k*, the slope of curve OT 
is algebraically less than that of line QR, 
and on CG where k < k*, the slope of curve 


2We focus on a comparison of golden ages, not on 
a change from one to the other. Discussions of dy- 
namic efficiency including the problem of initial con- 
dition are ignored in this paper. 

3If we assume that equations (9) and (10) are 
strictly concave with respect to k, curve OT is strictly 
convex to the right. For example, if f(k) =k? 
(0 <6 < 1), this condition is satisfied. However, curve 
OT need not be convex. All we require is that the 
efficient zone CJ is continuous. 
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OT is algebraically greater than that of line 
OR. Except at G, the consumption possi- 
bilities in the market process are more re- 
stricted than in the centrally planned econ- 
omy. In a competitive economy the capital 
market represents an additional constraint 
besides the feasibility condition, namely a 
decentralized arrangement in which savings 
by the younger generation are used to pro- 
vide capital for the older period. 

The utility maximizing behavior of each 
individual of the younger generation im- 
plies that equations (5) and (6) are replaced 
by his optimal saving behavior; that is,* 


(12) Max U(et, e741) 
subject toe} + e?,,/A + r) = 


The quantity saved will be expressed as a 
function of w, and rẹ 


(13) Si = S(Wu r) 


From the five equations (3), (4), (7), (8), 
and (13), we obtain the competitive growth 
path in the market process. It is assumed 
that the economy has a single stable long- 
run equilibrium point. 

Since the budget constraint can be drawn 
at each point on curve OT, maximization of 
(12) implies that the competitive point E is 
given where the slope of the budget line BB 
equals the slope of an indifference curve. 
In general, E does not coincide with G. 
When each individual has a utility function 
such that the competitive maximization 
problem (12) does not lead to the golden 
rule path, the utility level at E is less than 
at H, where line QR is tangent to an in- 
difference curve. When Æ is not G, E cannot 
coincide with H. Thus, we can summarize 
the significance of the golden rule as fol- 
lows: (a) If a steady-state path is not the 
golden rule path, it is inefficient in the sense 
that everybody’s utility could be increased 
by interfering with individual maximizing 
behavior. 


4Maximization of (12) implies that each individual 
expects r,,, to be equal to r,. On a golden age path, 
each individual will consume exactly the desired 
amount in the older period that he plans in the 
younger period. 
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It is well known that in general the 
golden rule has another normative mean- 
ing: (b) The golden rule path maximizes 
everybody’s utility among all feasible steady 
paths. In the present case, however, because 
H does not exist on curve OT, each individ- 
ual’s utility cannot be increased to the util- 
ity level at H even if the golden rule path G 
is realized. To realize the utility level at H, 
curve OT needs to be altered by the inter- 
vention of government. As long as all the 
restraints in the market process (i.e., equa- 
tions (3)-(8)) are maintained intact, the 
optimal point is F associated with k, where 
curve OT is tangent to an indifference 
curve. Since the utility level at F is greater 
than at G but is less than at H, we shall call 
F the second best point. We now find that 
the normative meaning (b) does not always 
hold in the market process. 

Obviously, F exists on the efficient zone 
CJ. We have the following proposition: 


PROPOSITION: ® If the competitive capital- 
labor ratio is not equal to the golden rule 
capital-labor ratio, the second best capital- 
labor ratio exists between them. In other 
words, 


Ifk Z k*, then k 


AV 

~~ 

AV 
a 
* 


PROOF: 
(i) It is obvious that if k = k*, then k = 

k = k*, (ii) If K > k*, then the marginal 
rate of substitution (MRS) at E equals 
1+f'(k) < (1 + n). Since MRS at G < 
MRS at E, MRS at G < 1 + n. It means 
that at G the slope of an indifference curve 
is algebraically greater than the slope of 
curve OT. Hence, k > k > k*. (iii) If k < 
k*, now suppose k* < Å (see Figure 2). 


5To realize the second best growth path, the fol- 
lowing procedures can be considered. In one proce- 
dure, each individual maximizes his utility subject 
to all the constraints; he can determine the amount 
of his savings at the level of (1 + n)}k. As an alterna- 
tive, the government influences the maximizing be- 
havior (12) through some noneconomic procedure 
such as propaganda to increase savings. The govern- 
ment may control savings so that the long-run capital- 
labor ratio equals k. 

6This problem was discussed by Stein. 
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FIGURE 2 


Thenat F, MRS < 1 +n < 1 + f'(k), and 
at M where an indifference curve J, crosses 
curve OT, MRS > 1 + f'(k). Since MRS 
is a continuous function of the amount of 
goods consumed, there exists point Z be- 
tween F and M such that MRS at Z equals 
1+4//'(k). This means that the budget 
constraint just touches the indifference 
curve at Z as well as at E. From the as- 
sumption of the uniqueness of the competi- 
tive solution, Z is E, a contradiction. 


REMARK: As shown in Figure 1, when F 
is on GJ (on CG), H is on GR (on QG). 
Thus, we know that if k > k*, H exists on 
GR (if k < k*, H exists on QG). To realize 
the utility level at H, when k > k* curve 
OT needs to be shifted upward and to the 
left, and vice versa, by the intervention of 
government. 


II. The Role of Government 


We shall analyze the intervention of gov- 
ernment to shift curve OT, and examine 
the resulting optimal growth path. We shall 
assume that the government issues debt to 
the younger generation. This debt has a 
one-period maturity and will be repaid with 
interest at the same rate of return on capi- 
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tal in the next period. The government en- 
sures that a constant amount of debt per 
worker (g) is maintained. 


A. Transfer Program 


Here it is assumed that the government 
does not invest the amount borrowed, or 
raised through taxation, but uses the funds 
to pay existing debt with interest. Let us 
denote the constant lump sum tax levied on 
the younger generation and the older gen- 
eration by ¢, and £,, respectively. Then we 
have 


(14) gL, +7) gL, = tiL, + tL) 


Each individual’s disposable income (#,) is 
given by (w, — ti — g), his disposable in- 
come in the younger period t plus (g — t,/ 
(1 + r,)) the present value of debt redemp- 
tion and tax in the older period t + 1. 
Note that g can be negative, in which case g 
means “negative debt”; that is, the govern- 
ment lends g to each individual of the 
younger generation and will redeem this 
debt with interest. — 


(15) V =w- t- O/C +7) 


Let us define the relative burden ratio 
v by 


(16) v= +n) 


Then, from equations (14), (15), and (16), 
we have 


(17) 
o -w -itU t+ = n, 
aS A+++ +n) 


Now, the maximizing behavior of each 
individual is represented by maximization 
of (12), substituting #, for w,. However 
equation (4) must be altered, because each 
individual in fact lends g — 1,/(1 + r) to 
the government on the same terms as funds 
could be lent in the capital market. Hence 
we have 
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0D hfi- etp) Kus 

By substituting #, for w, in (5) and (6), re- 
taining (3), (7), and (8), and replacing (4) 
by (18), we have all the restraints in the 
presence of the debt issue. Then in a golden 
age we have 


(19) eb =f(k)-(1+n+fk 
1+ +l +n) 
(1+ nal +v) 


e =(1+n\(1+f')k 
1+f' +1 +n) 
lt+y 


(20) 
+ 

The two equations (19) and (20) imply 
that the golden age consumption-possibility 


curve now depends on g and v as well as k. 
The last terms 


_ltf'+vi +n) 
Gtt © 


and 


Í ef ae + | 


l+y 


reflect transfer programs of the govern- 


O Q a 
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ment; the government collects the amount 
of 


1+ f' + v1 +n) 
(1 + ni + v) 


per capita from the younger generation and 
transfers it to the older generation. When 
g > 0(g < 0), curve OT will shift upward 
and the left (downward and to the right). 
Therefore, in Figure 3 on the left where H 
is on GR, g needs to be positive, and in 
Figure 3 on the right where H is on QR, g 
needs to be negative. 

Since maximization of (12) holds, the 
slope of the indifference curve at the long- 
run competitive capital-labor ratio k(g,¥) 
equals the slope of the budget constraint 
—(1 + f'(k)), while the slope of the indif- 
ference curve at H equals —(1 + n). Thus, 
the optimal level of g is such that k(g,v) is 
equal to k*. 

Considering equation (18), k(g,v) is de- 
termined by 


(21) 


A 1+f' + vl +n) 
s(w,r) = (1 + mk + aIr g 
Taking the total derivative of k with re- 
spect to g, we have 


& 


NG 


0 Q' Q e! 
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as l+f'+»x( +n) 

dk ôg 0 +f')G +y») 
dg = OS 

Ltn ak 
From the assumption of the stability of the 
system the denominator is positive, and 
from the assumption of the normality of the 
utility function the numerator is negative.’ 
Therefore, dk /dg is definitely negative. The 
utility of each individual living in the long 
run will be increased by increasing g when- 
ever k(g,v) > k*, and by decreasing when- 
ever k(g,v) < k*. Tne government can shift 
curve OT so that H is just associated with 
the competitive capital-labor ratio k(g, v).° 

The following cases are of considerable 
interest: 

v = 0, i.e., t, = 0: The tax collected to 
finance interest costs will be lump sum taxes 
on the younger generation. This debt issue 
corresponds to Diamond’s internal debt. 


(22) 


7As shown by Diamond, the assumption of the 
stability of the system means (1 +7) — 0s/dk > 0, 
and the assumption of the normality of the utility 
function means 0< ðs/ð®< i. The numerator of 
equation (22) may be written as 
A ds l+f'-vil+an) 
ag +f" XI +) 


_ ds Utnytt +f- S’). 
ôw (1+f'Xi+yXl +n) 
1+’ +l +n) 

T (+f) +») 
(+nywettsf' in-S as j 


O+ |l+n av 


Considering the normality of the utility function, we 
we know when f’ > n, A < 0; when f’ <n, 


(+¢nyv¢l4f’ fea | 
<1 E g 


(l+vQ4+f') | lata 


Utay g 
(+1 +f Xi +n) 


8The relative burden ratio v is assumed to be 
exogenously given as a constant. Similarly, changes in 
y can be examined as shown by G. O. Bierwag et al. 
However, since v cannot be negative, efficiency will be 
restricted in this case. 
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y= œ, ie., 4 = 0: This debt issue is 
equivalent to tax-financed transfer pay- 
ments. The government levies the lump sum 
tax g on the younger generation and trans- 
fers it to the older generation in the same 
period. 

The tax-financed transfer payments and 
Diamond’s internal debt have the same ef- 
fect on the long-run equilibrium. In other 
words, this national debt can be regarded as 
a device which is used to redistribute in- 
come between the younger and the older 
generations. 


B. Economic Activities of Government 


We shall now examine economic ac- 
tivities of government. Government capital 
investment will be financed from debt issue. 
We shall assume that the technology of 
government production is the same as that 
of private production. Since receipts from 
the debt issue in period t will be invested in 
production as government capital in period 
t + 1, we have 


(23) Lig = Lig tKsetat 


where k,., denotes per worker government 
capital in period t. Rewriting per worker 
private capital in period t as kp. per 
worker total capital in period t is defined by 
(24) k, = Kent + kpt 

Because of economic activities, the gov- 
ernment need not levy taxes; that is, f = 
t, = 0. Hence, the disposable income is 
w —g+g=Ħw, and the budget con- 
straint (6) will be unchanged. By substitut- 
ing k,., for k, in (18), retaining (3) and 
(5)-(8) and adding (23) and (24), in a golden 
age we have equations (9), (10), and 
(25) k = k, +g/( +n) 
Thus, the consumption-possibility curve 
corresponding to government capital is 
nothing more than curve OT. It is true that 
the long-run private capital-labor ratio k,(g) 
depends on g, but the long-run total capital- 
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labor ratio is independent of g.? 

This means that public investment would 
exactly replace private investment. In other 
words, contrary to the usual supposition, 
the long-run effects of public investment are 
null. What is the reason for this paradoxical 
result? It is simply that the government 
neither levies a tax nor grants a subsidy, 
and promises to pay the same interest rate 
on the debt as could be earned on the pur- 
chase of real capital. Since the budget con- 
straint is expressed by the same equation in 
the market process, the government cannot 
redistribute income between generations. 
The amount of each individual’s savings 
determined by maximization of (12) does 
not depend on g. 

However, once elements of private myo- 
pia are introduced into the model, it can be 
shown that government economic activities 
can increase each individual’s utility in the 
long run. It is now assumed that by some 
myopic elements each individual takes his 
disposable income as w, — g, without antic- 
ipation of the receipts from government 
production in the later period.!° Hence, 
substituting w, — g for w, in equation (13) 
‘and considering a modified equation (18), 
the golden age competitive capital-labor 
ratio (k) is given by 


(26) s(w-—g,yn=(l+nmk-g¢g 


Taking the total derivative of k with re- 
spect to g, we have 


dk ag 
(27) J 


ðs 

l+n- = 

ðk 
As in equation (22), from the assumption 
of stability of the competitive solution the 
denominator is positive, and from the as- 
sumption of normality of the utility func- 


9 From equation (25), obviously 


dk 
— es | and Æ 0 
dg l+n dg 





10It is interesting to examine the myopic effect 
ignored by the above discussions, although there may 
be nothing that is not anticipated in the long run. 
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tion the numerator is also positive. Any 
increase in public spending has an expan- 
sionary long-run effect in this case. How- 
ever, substituting w, — g for w, in equation 
(5) and retaining equations (3), (6)-(8), and 
(18), we know that the golden age con- 
sumption-possibility curve is still curve OT. 
The government can influence the golden: 
age competitive equilibrium, but cannot 
shift curve OT. Therefore, the target point 
is the second best point F. Equation (27) 
means that the government can realize the 
second best path by increasing g, provided 
F exists on CG in Figure |.!! 


HI. Concluding Remarks 


On a golden age path, the amount that 
each member of any given generation will 
consume in each period of his lifetime is 
uniquely determined by the long-run capi- 
tal-labor ratio. Curve OT implies that 
consumption possibilities are more restricted 
than in the centrally planned economy. 

In the case of Diamond’s internal debt, 
the optimal path is always the golden rule 
path, because the government can shift 
curve OT in order to redistribute income 
between generations as in the centrally 
planned economy. 

It should be stressed that the productive 
effect of government activities financed by 
debt has little effect on the long-run total 
capital-labor ratio. The government cannot 
shift curve OT so that the target path will 
remain the second best path, the same as in 
the market process. This suggests that the 
desired role of government in the present 
framework is to provide some means 
whereby income can be redistributed be- 
tween the younger and the older genera- 
tions.'? 


11 One could say that the meaning of public invest- 
ment is, at most, noneconomic propaganda. In other 
words, the myopic elements might reflect the non- 
economic propaganda by government. See fn. 5. 

12 However, if we consider the international capital 
market, public investment retains an important role. 
In such a case the government could help to realize 
a higher utility level than on the golden rule path 
through capital export or import. 
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Vertical Integration, Tying, and Antitrust Policy 


By RoGER D. BLAIR AND DAvID L. KASERMAN* 


A recent series of articles by John Vernon 
and Daniel Graham, Richard Schmalensee, 
George Hay, and Frederick R. Warren- 
Boulton has’ demonstrated that an input 
monopolist selling to a competitively struc- 
tured downstream industry cannot reap the 
full monopoly rents available in the final- 
product market when substitution possibili- 
ties are present in the final-goods production 
function (i.e., under variable proportions). 
As a result, intermediate-product mo- 
nopolists have been shown to have an in- 
centive to integrate downstream, possibly 
engaging in a price-cost squeeze of the 
final-good producers in an attempt to ex- 
tend the monopoly to the terminal stage of 
production and obtain the maximum profits 
available in the industry under the cost and 
demand conditions extant.’ Although the 
variable proportions incentive for vertical 
integration had been explored in an earlier 
article by Meyer Burstein, its validity and 


*Associate professor of economics, University of 
Florida; and economist, the Federal Trade Commis- 
sion; respectively. Although this paper has benefited 
from the cogent comments and criticisms of several 
colleagues, Yoram Peles, David Qualls, John Sieg- 
fried, and an anonymous referee, we assume re- 
sponsibility for what follows. Financial support of the 
Public Policy Research Center at the University of 
Florida was most welcome in the early stages. The 
final work was done while Blair was at the Center for 


the Study of American Business at Washington Uni- 


versity. 

'The incentive to integrate vertically has recently 
been generalized to the case of imperfect competition 
at one stage of a vertical market chain by Martin 
Perry. Since imperfectly competitive behavior on one 
side of an intermediate product market leads to an 
undervaluation of the properties of competitive pro- 
ducers on the other side of the market, the assumption 
of pure monopoly at the upstream stage does not ap- 
pear to be crucial to the analysis. 

2See Burstein’s paper. Also, the efficiency implica- 
tons of variable proportions under input monopoly 
were noted briefly (but not explored in the context of 
vertical integration) by Lionel McKenzie. 
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relevance for antitrust enforcement were 
not generally recognized until formal proof 
was provided. 

The original Burstein article, however, 
also argued that the upstream monopolist 
could obtain identical results by tying the 
purchase of nonmonopolized substitutable 
inputs to the purchase of the intermediate 
product over which the monopolist exercises 
control. If this proposition is true, then an 
intermediate-product monopolist has an al- 
ternative to the strategy of vertical integra- 
tion which may be employed in circum- 
stances where ownership ‘integration is 
either infeasible or unattractive. More im- 
portantly, this proposition implies a pre- 
viously unrecognized symmetry between the 
economic effects of tying and vertical in- 
tegration, which in turn raises serious ques- 
tions regarding the divergent treatment af- 
forded these alternative strategies under 
existing antitrust laws. The purpose of this 
note is to provide a formal proof of the 
Burstein proposition and to briefly explore 
the antitrust policy issues that are thereby 
raised. 


I. Equivalence of Tying and 
Vertical Integration 


We adopt the following notation and as- 
sumptions: P(Q) = final-product inverse 


3Such a tying arrangement is labeled as a “full-line 
force” by Burstein. This terminology, however, im- 
plies that downstream producers are required to pur- 
chase a complete line of production-related (perhaps 
joint) intermediate products from the upstream 
monopolist’s output vector. Instead, as will be seen 
below, the producer of the tying (monopolized) good 
need not manufacture the tied good(s) at all. Rather, 
he may purchase them from other producers and re- 
sell them to his downstream customers. Conse- 
quently, the discussion here will make use of the 
more general terminology of tying arrangements. 
See Hay for a restatement of the basic full-line forc- 
ing proposition. 
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demand; Q(X,, X,) = final-product produc- 
tion function, assumed linearly homoge- 
neous in inputs Y, and X,; and C; = constant 
marginal cost of input X;,,i = 1, 2. 

Suppose that the production of X, is 
monopolized while the markets for X, and 
Q are competitive. Then, if Q(X,, X3) ad- 
mits variable proportions, full monopoly 
rents cannot be obtained solely from the 
sale of X,, because the derived demand for 
the monopolized input will reflect both con- 
sumer and downstream producer substitu- 
tion in response to a supracompetitive input 
price. Producer substitution leads to eco- 
nomically inefficient production, which the 
input monopolist can circumvent through 
forward integration.’ 

Suppose that such integration results in 
successful monopolization of the market for 
QO. Then, adoption of this strategy yields 
the following profit function for the inte- 
grated monopolist: 


a) m; = PIRX, X) 
-O(X,, X2) = Ci X, = Ci: Xa 


since X, is priced internally at marginal 
cost. 

Alternatively, the intermediate-good mo- 
nopolist can purchase X, at the competitive 
price C, and tie its purchase by competitive 
downstream producers to the purchase of 
the monopolized input X,. Following this 
strategy, the firm has a profit function: 


(2) wr = p(X, X2) X, 
+ p(X, Xa) Xa — Cy X, — Ca XQ 


where p; is the price of the ith input to the 
competitive downstream producers. 


4This is, of course, the result that is due to Vernon 
and Graham, Schmalensee, Hay, and Warren-Boul- 
ton, which was anticipated by Burstein a decade 
earlier. 

5See Warren-Boulton for a description of the cir- 
cumstances that would facilitate this sort of monopoly 
extension. In essence, the downstream production 
function must exhibit substitution possibilities, while 
at the same time disallow production with a zero input 
of the monopolized intermediate good. That is, 
Q(X,, Xz) must be strictly quasi concave, and 
Q(0, X2) = 0. 
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Under these conditions, vertical integra- 
tion and tying are economically equivalent. 
That is, these strategies yield identical re- 
sults with regard to both profitability and 
productive efficiency. This assertion can be 
shown by proving the following two propo- 
sitions. 


PROPOSITION 1: Given a monopoly in X,, 
vertical integration that results in a mo- 
nopolization of the market for Q and tying 
the purchase of X, to the purchase of X, 
yields identical profits to the input mo- 
nopolist. 


PROOF: 

We want to show that m; = my. Cancel- 
ling input costs from (1) and (2), this re- 
quires that 


(3) P[Q(%, %)]- Q(%, X2) = 
P(X, Xa) Xi + p(X, X2)+ Xp 


Under the tying arrangement, the competi- 
tive downstream producers accept pi, P2, 
and P as given. Profit maximization by 
these firms requires that the value of the 
marginal product of each input be equated 
to its price, i.e., 
dQ 
(4) PIQ(X,, Xa) ay = p(X, X2) 


i= 1,2 
Substituting (4) into (3) and factoring P, we 
obtain 
(5) PLQ(%1, X2): Q(X), X2) = 


PLO, Xa) (SX + L.n) 


which yields the desired result 

(6) PLQ, X2)]- Q(X, X) = 
PIQ(X i, X2))- Q(X., X2) 

by Euler’s theorem.® This establishes the 


6 Even if the production function is not everywhere 
linearly homogeneous, at a point of competitive 
equilibrium, where average cost is at a minimum it is 
locally true that x,-dQ/dx, + x2-dQ/dx, = Q. 
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profitability equivalence of the alternative 
strategies. It remains to state and prove the 
second proposition: 


PROPOSITION 2: Inputs X, and X, will be 
employed in efficient proportions whether the 
monopolist obtains control of the final-good 
industry through vertical integration or en- 
gages ina tying arrangement. 


PROOF: 
Efficient production requires that input 
proportions be adjusted such that 


92 JQ e 


7 = 
7) 0X,/ 0X, G 


that is, that the firm be on its expansion 
path. The first-order conditions for profit 
maximization by the integrated monopolist 
are 


(8) (z + 0-25). 22 -¢, 


a0) aX, 
(9) (Pp + o)Ra 


Dividing (8) by (9) yields expression (7), 
which establishes efficient input utilization 
under vertical integration. To establish the 
equivalent result under a tying arrange- 
ment, substitute (4) into (2) and differen- 
tiate with respect to X, and X,. This yields 
the first-order conditions for a maximiza- 
tion of rr: 


dP dQ oP Q 
10) |P+—- = -X¥,4+ = -X 
a9 | dO aX, a0 aX, | 
2 z 
Q p. A E E ie, 
ax, ax? aX,0X, 
aP 30 aP ðQ 
1) P 4 = Xt Ss 
(11) | dQ ðX, | ðQ AX, -| 
2 2 
22 p. iy Te uses = C3 


Linear homogeneity of the production func- 
tion implies that the second bracketed term 
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on the left-hand side of (10) and (11) is 
zero.’ Dropping these terms, we factor 0P/ 
dQ from the last two terms of the first 
bracketed expression, apply Euler’s theorem, 
and write conditions (10) and (11) as 


AQ _ 

(12) (e +Q- 2). ĉi 
| 80 | 

(13) p +Q: i5) ax, T C2 


Division again results in expression (7), 
thereby establishing efficient input utiliza- 
tion under a tying arrangement.® 
Propositions 1 and 2 establish a sym- 
metry between both the private and the 
social effects of vertical integration and ty- 
ing under input monopoly and variable pro- 
portions. Given such symmetry, the firm 
holding monopoly power over an input for 
which (imperfect) substitutes exist must 
select between the alternative strategies on 
the basis of factors that lie outside the sim- 
plified model employed above. Important 
considerations that should influence this 
choice include: the number of substitutable 
inputs that must be tied to the monopolized 
input in order to ensure efficient down- 


7This follows from a property of linearly homoge- 
neous functions, viz., 


O xX, a@ 
ax? X, 9X 0X, 


See R. G. D. Allen, pp. 315-22, for a discussion of 
homogeneous functions. 

8In effect, optimal use of the tying alternative will 
result in the downstream producers’ return to the ex- 
pansion path that competitively determined prices 
would generate. In our model, this requires that the 
monopolist adjust the prices of all tied inputs such 
that the relative prices remain the same as competi- 
tively determined relative prices (i.e., all input prices 
must be adjusted above marginal cost in equal pro- 
portion). Alternatively, the monopolist could deter- 
mine the precise input proportions necessary for pro- 
duction on the expansion path and tie the inputs in 
those proportions. This may not be too difficult for 
homogeneous production functions since the expan- 
sion path would be linear and optimal input propor- 
tions would be independent of scale of output. But for 
the general case, the task could be formidable. 
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stream production;? potential cost savings 
that may be available through vertical inte- 
gration because of transactional efficiencies 
or technological inseparability of the 
various stages of production; and the 
comparative treatment afforded the alterna- 
tive strategies by the antitrust authorities. 
The first two factors relate to the relevant 
characteristics. of the markets for inter- 
mediate products and the existing produc- 
tion technology. The third, however, is 
determined by the policy thrust of the en- 
forcement agencies. This aspect of the in- 
stitutional framework will be examined in 
the next section. 


II. Asymmetric Treatment of Symmetric Practices 


To the extent that vertical integration and 
tying receive divergent treatment by the 
antitrust authorities and the courts, there 
will exist a bias in the firm’s selection process 
in favor of the safest strategy. Under 
existing policies, this bias would appear to 
encourage firms to employ the strategy of 
vertical integration, particularly in situa- 
tions where such integration can be carried 
out by internal expansion. In these situa- 
tions, there is little chance that the practice 
will be challenged at all until concentration 
at the downstream stage approaches the 
monopoly level. And then, the case would 
be subject to a rule of reason treatment un- 
der Section 2 of the Sherman Act. 

Vertical integration by acquisition or 
merger would appear to be considerably 
more hazardous. While a rule of reason ap- 
proach would still be applied, Section 7 of 
the Clayton Act would be brought to bear.!! 


9The franchising phenomenon may be seen as a 
method of assuring that inputs will be employed in 
efficient proportions when the number of such inputs 
is relatively large. Thus, some of the contractual pro- 
visions imposed upon franchisees amount to nothing 
more nor less than input tying. 

l0These potential cost savings are discussed in some 
detail by Oliver Williamson (1971). 

H Generally, a vertical merger can be challenged on 
market foreclosure grounds. For our purposes, how- 
ever, this is not relevant because the input monopolist 
has no obvious competitors that could be foreclosed 
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In such cases, the evidential burden placed 
on the enforcement agency is reduced and 
the practice is open to attack in its in- 
cipiency. Therefore, the risk of prosecution 
may be much higher if forward integration 
is carried out in this fashion. But, more im- 
portant for our purposes here, it is likely 
that such risk will still be lower than that 
faced by the firm opting for the tying ar- 
rangement alternative. 

Precedent indicates that a tying arrange- 
ment will be found per se illegal under Sec- 
tion | of the Sherman Acct if: (a) the tying 
product provides the supplier with sufficient 
economic power to control prices; and (b) a 
not insubstantial dollar volume of com- 
merce in the tied product has been affected. 
And if either condition holds, Section 3 of 
the Clayton Act may be violated.” The re- 
quirement of finding “sufficient economic 
power” has been weakened over time. In 
Northern Pacific Railway Co. v. United 
States, such power was found to exist in 
the fact that the railroad’s land, the tying 
good, was uniquely and strategically lo- 
cated. In United States v. Loew’s Inc., suf- 
ficient economic power was inferred from 
the fact that the tying products were copy- 
righted." Finally, in Fortner Enterprises, 
Inc. v. United States, the Supreme Court 


from access to the final-goods producers. However, 
arguments that rely on the potential competition 
doctrine or accusations that the input monopolist is 
insulating its monopoly position by raising entry 
barriers through acquisition of its customers could be 
brought to bear. 

12This distinction with respect to standards of proof 
was made clear in Times-Picayune Publishing Co. v. 
United States, “When the seller enjoys a monopolistic 
position in the market for the ‘tying’ product, or if a 
substantial volume of commerce in the ‘tied’ product 
is restrained, a tying arrangement violates the nar- 
rower standards expressed in Section 3 of the Clayton 
Act because from either factor the requisite potential 
lessening of competition is inferred. ...a tying ar- 
rangement is banned by Section 1 of the Sherman Act 
whenever both conditions are met” (pp. 608-09). 

13The railroad tied its transportation services to the 
sale or lease of its land. 

14This case involved the practice of block booking 
the television exhibition rights to copyrighted films. For 
an interesting, and succinct analysis of the block book- 
ing phenomenon, see George J. Stigler. 
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originally found that one could infer the 
requisite economic power from particularly 
advantageous terms and prices.'> Also, es- 
tablishing that a not insubstantial dollar 
volume of’ commerce has been restrained 
does not appear difficult. In Fortner..., 
$180,000 was found to be not insubstantial 
as was $60,800 in Loew’s.... Although 
there are exceptions to the rather simplistic 
view that tying arrangements are illegal per 
se, the bulk of the enforcement experience 
indicates that it is far more hazardous than 
vertical integration. 


HI. Public Policy Implications 


We have demonstrated that vertical inte- 
gration and tying arrangements are alter- 
native means of obtaining precisely the 
same results for an input monopolist facing 
variable proportions at the downstream 
stage. For purposes of ultimate public 
policy in an absolute sense, we should note 
that the welfare implications of either 
strategy are ambiguous. Both result in an 
improvement in the efficiency of down- 
stream production because the socially opti- 
mal combination of inputs will be used 
instead of a nonoptimal combination that 
would be selected if the monopolist were 
required to extract rents from the single 
intermediate product. At the same time, 
there is a restriction of output to the 
monopoly level. Thus, the net welfare ef- 
fects are indeterminate on an a priori basis, 
as noted by Warren-Boulton.'® But on the 


'5]t was alleged that U.S. Steel conditioned the pro- 
vision of loans on extremely desirable terms to Fort- 
ner’s purchase of prefabricated homes produced by 
U.S. Steel. Thus, the more competitive a firm is the 
more likely the Court was to find the presence of eco- 
nomic power. In a subsequent (and presumably final) 
decision in Fortner, the Court cleared up some of this 
illogic: “Quite clearly, if the evidence merely shows 
that credit terms are unique because the seller is willing 
to accept a lesser profit—or to incur greater risks— 
than its competitors, that kind of uniqueness will not 
give rise to any inference of economic power in the 
credit market” United States Steel Corporation v. 
Fortner Enterprises, Inc., p. 4174. 

16In addition, see Williamson (1968) for an analysis 
of the antitrust implications of a juxtaposition of 
monopoly power and productive efficiency. 
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one hand, forward integration by internal 
growth or merger receives a rule of reason 
treatment under either Section 2 of the 
Sherman Act or Section 7 of the Clayton 
Act. On the other hand, tying arrangements 
are treated quite severely as per se viola- 
tions of Section | of the Sherman Act or 
Section 3 of the Clayton Act. This distinc- 
tion is important as it affects the managerial 
decision process in selecting between these 
alternative strategies. The danger, of course, 
is that an equivalent economic result may 
be obtained at a higher social cost if anti- 
trust enforcement biases the managerial de- 
cision in favor of vertical integration.’ 
Thus, in the context that we have analyzed, 
vertical integration and tying deserve sym- 
metric treatment under the antitrust laws; 
both should be judged according to the rule 
of reason. 


17There is always some concern that vertical inte- 
gration by merger or by internal expansion passes a 
kind of market test while tying arrangements are 
agreements that bypass the market. In a situation 
where one of the inputs is monopolized, however, 
the concern is not well founded. Forcing the input 
monopolist to vertically integrate in order to exploit 
fully his monopoly merely serves to require that the 
profit foregone due to input substitution exceed the 
added costs of vertical integraion. 
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Dynamic Models of Portfolio Behavior: More on 
Pitfalls in Financial Model Building 


By Douctas D. Purvis* 


In an important article in this Review, 
William Brainard and James Tobin have 
emphasized the role played by the wealth 
constraint in systems of asset demand equa- 
tions. The wealth constraint gives rise to 
consistency conditions which must be satis- 
fied by the demand functions when such a 
system is specified and estimated. As Brai- 
nard and Tobin caution, care must be taken 
to ensure that unrealistic coefficients are not 
inadvertently imposed on omitted equations 
by failure to recognize the consistency con- 
ditions.' Noting that the wealth constraint 
applies out of, as well as in, portfolio equi- 
librium, Brainard and Tobin focus attention 
on systems in which actual and desired 
stocks of assets differ. They specify a multi- 
variate stock adjustment model wherein the 
desired change in holdings of any asset de- 
pends in general upon all asset stock dis- 
equilibria; the existence of such stock dis- 
equilibria can be implicitly rationalized on 
the basis of costs of adjustment which im- 
pinge on the rate of change of at least some 
assets. In this framework they show that the 
stock adjustment coefficients must also 
satisfy certain consistency conditions to en- 
sure that the wealth constraint is satisfied. 


*Queen’s University, and Cowles Foundation for 
Research in Economics, Yale University. I am grate- 
ful to Adrian Pagan, Gordon Sparks, and James Tobin 
for helpful discussions, and especially to Gary Smith 
who, as well as patiently discussing many of the is- 
sues, provided detailed comments on earlier drafts 
of this paper. This research was partially supported 
by a National Science Foundation grant to the Cowles 
Foundation and by a Canada Council grant to the 
author. Remaining mistakes and opinions are my 
own. 

'This also has implications for the common practice 
in macro-economic models of leaving the bond market 
as implicit. Care must be taken to ensure that silly 
behavior is not inadvertently attributed to bond- 
holders. William Silber, Tobin, and Alan Blinder and 
Robert Solow have initiated research which “‘reintro- 
duces” the bond market into macroeconomic models. 
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An important feature of their analysis is 
that the total change in wealth (savings plus 
capital gains) is treated as exogenous to the 
financial sector, and the asset flow demands 
described above are conditional upon the 
exogenously given change in wealth. This 
strategy of separating the portfolio balance 
decision from the consumption-saving de- 
cision is one that Tobin has explicitly used 
and justified in his 1969 article (especially 
pp. 15-16), and is one that has been widely 
and effectively used in modern macro- 
econometric models. 

The central argument of the present 
paper is that this separation of flow-alloca- 
tion and stock-allocation decisions is not 
legitimate in the presence of adjustment 
costs attached to changing the level of in- 
dividual asset holdings. The existence of 
adjustment costs means that there is no 
portfolio balance problem per se (in the 
sense of allocation of a given level of wealth), 
but rather a (longer run) problem of deter- 
mining an optimal time path for each asset 
and for the level of consumption. Thus a 
natural extension of the Brainard-Tobin 
model is to treat saving and portfolio de- 
cisions in an integrated fashion.” 

Note that the Brainard-Tobin model is 
perfectly consistent with any model of 
savings behavior and hence no logical con- 


2It appears to be a fairly general result that the 
existence of adjustment costs leads to integrated be- 
havior, M. Ishaq Nadiri and Sherwin Rosen have 
established a similar result for the theory of the firm, 
and Robin Mukherjee and Edward Zabel have re- 
cently shown that the “separation theorem” prominent 
in the finance literature on the mean-variance ap- 
proach to optimal consumption-portfolio behavior 
fails to hold when transactions costs are introduced. 
In my 1975 paper (Appendix), I have argued that the 
integration of saving and portfolio balance decisions 
also applies in continuous-time models, even though 
such models are characterized by separate stock and 
flow budget constraints. 
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tradiction with an integrated approach is 
necessarily involved. However, by the very 
fact that their analysis is consistent with any 
model of saving behavior, we observe that it 
fails to incorporate information contained 
in the implicit assumptions about adjust- 
ment costs, and this information plays a 
central role in the integrated model pre- 
sented in detail in Section I. Then, in Sec- 
tion II the Brainard-Tobin model is re- 
examined in light of the results of Section I. 
Section III offers some concluding com- 
ments on how the integrated model presents 
a framework in which one can discriminate 
between monetarist and Keynesian views 
about the transmission of monetary policy. 


I. An Integrated Model of Consumption 
and Asset Accumulation 


As noted above, the wealth constraint 
plays a central role in the Brainard-Tobin 
analysis. However, it is worth noting that in 
the discrete time framework generally used 
there is no wealth constraint per se, but 
rather one single budget constraint relating 
assets held at the beginning of the period 
plus income received during the period to 
assets held at the end of the period plus 
consumption during the period. The budget 
constraint is given by 


O doy, +te=D. y(-l) + Xo 


where y,(— 1) and y, are, respectively, be- 
ginning and end of period holdings of the 
rth asset, c is consumption, and X, is in- 
come.? 

To specify asset demands subject to a 
wealth constraint in such a model is to as- 
sume that the household makes its saving 
decision thereby determining end of period 
wealth (X,, = 2,y,(-—1) + Xo — c), and 
independently chooses the desired allocation 


3Throughout I will use the following conventions: 
X mis total wealth; Xo is income; subscripts (i,j) will 
be used to refer to explanatory variables (¥) and 
unless otherwise noted will take on values from 0 to 
m — 1 in summation; and subscripts (r, s) will refer to 
assets ( y) and take on values 1 to z in summation. 
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of that wealth amongst the alternative as- 
sets. This specification is reasonable when 
there are no adjustment costs pertaining to 
the reallocation of a given level of wealth. 
For then the household’s initial position is 
fully described by the level of income Xj 
and the zotal of assets inherited from the 
previous period 2 y,(—1). Saving and port- 
folio balance decisions may be influenced by 
common variables, but in this case both will 
be independent of the composition of in- 
herited wealth.4 However, when such ad- 
justment costs are present, knowledge of the 
household’s initial position requires knowl- 
edge of its income and the values of indi- 
vidual assets y,(—1) for each r. The ra- 
tional household would, in such circum- 
stances, formulate consumption and asset 
flow demands dependent upon income, cur- 
rent holdings of individual assets, and long- 
run asset considerations. For simplicity I 
assume that the latter are captured by 
steady-state demands which are indepen- 
dent of initial asset holdings. It is assumed 
that the desired asset positions y* depend 
only on the expected values of income and 
rates of return X{(i = m), which in turn, 
assuming static expectations, equal actual 
X;(i = m). Throughout, I abstract from 
uncertainty so that all changes in wealth 
are planned. Consumption and the asset 
flow demands are given, respectively, as? 


(2) ¢=)) bX + DD ey (-1) 


4In the absence of adjustment costs, asset demands 
would be short-run in nature (contingent upon total 
wealth) and would also be achieved in the short run. 
This is what Lewis Johnson has called a portfolio 
balance model as opposed to the portfolio adjustment 
model used in the present paper. 

5As the referee has pointed out, this and the 
Brainard-Tobin models are versions of what Duncan 
Foley has called an end-of-period equilibrium model. 
Note however that Foley's discussion is somewhat 
misleading: the end-of-period specification does have 
an equilibrium. This can be seen by observing that 
K(0) in his first equation on p. 312 is the short-run 
demand for capital while in equation (4a), where it 
appears multiplied by k, K (0) is the long-run de- 
mand; in both, the short-run excess demand disap- 
pears as the time period goes to zero. 
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(3) Ay =>. ysly* — y(-1)) 
forr = 1,...,n 


The target values y* are long-run steady- 
state demands, 


fors = 1,...,7 


(4) yt = D0 BX, 


Note that by assumption current wealth 
(Xm) does not enter the long-run asset de- 
mand functions (4). However, the n long- 
run asset demand functions together do 
imply a target value for total wealth X$, 
and long-run equilibrium, given X*, will be 
independent of whether the composition of 
wealth matters in the short run. Substitut- 
ing from (4) into (3) yields the n reduced 
form asset-demand equations for estima- 
tion 


(5) Ay, = 2 Ori Xi ery > Yrs ¥s(— 1) 


forr = 1,...,n 


where the impact multipliers given by 
a,; = 2,¥,,8, denote the total impact ef- 
fect of a charige in the ith explanatory vari- 
able on the flow demand for the rth asset. 

The (n + 1) equations (2) and (5) deter- 
mine the (#4 + 1) endogenous variables 
Ay,(r = 1,...,m) and c. There are n pre- 
determined variables y,(—1), and m exog- 
enous variables X,(i = 0,...,m — 1). Total 
wealth does not appear explicitly since it is 
the composition of wealth which is impor- 
tant in determining the optimum time 
paths. There.are only n independent endog- 
enous variables since consumption is linked 
to the asset flow demands by the budget 
constraint given by (1) and rewritten below 
in flow terms as 


(6) Xo = c + È, Ay 


This introduces a linear dependency among 
the (n + 1) equations which is refiected in 
the following (m + n) consistency condi- 
tions: 
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i 


1 (since X, is income) 


(Ja) by = >, an 


(7b) b+} a, = 0 


il 


fori = 1,... 


(7c) e- >. Ys = 0 fors = 1,...,n 
r 

These consistency conditions ensure that 
the budget constraint is always satisfied: 
(7a) simply reflects the fact that income 
gets allocated to either consumption or 
asset accumulation; (7b) and (7c) show that 
changes in nonincome explanatory vari- 
ables (rates of return or initial stocks) 
cause a change in the allocation of income, 
consistent with the total (c + È Ay,) being 
constant. 

Of particular interest is (7c) which states 
that the column sums of the spillover 
matrix [y,,] must vary to reflect any varia- 
tion in the coefficients of the lagged stocks 
in the consumption equation. Variations in 
these latter coefficients indicate how the 
composition of assets influences consump- 
tion; variations in the column sums of the 
spillover matrix are the “mirror images” 
which indicate how the composition of as- 
sets influences saving. Saving, found by 
summing over the asset flow demand func- 
tions, using (7c) is given by 


(8) AX, =) alt - y(-D)] 
The special case where only total wealth 
influences consumption, which obtains in 
the absence of adjustment costs or possibly 
under restrictive assumptions about the un- 
derlying structure of such costs or be- 
havior, arises when e, = @ for all s. From 
(7c) we can see this means that the column 
sums 2,y,, are constant at e for all s, the 
multivariate analogue of a constant speed 
of adjustment.® 

The model outlined above is similar in 
structure-to that presented by Brainard and 


6Saving, in this case, can be represented as the ad- 
justment of actual towards desired wealth, 


AX, = EIXE- Xml 1) where X¥, = Z y* 
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Tobin, but, as a result of explicit considera- 
tion of the existence of adjustment costs, 
differs in several respects, especially with 
regard to the role played by the wealth 
constraint. However, it is still true that at 
any point in time, the sum of asset holdings 
must equal the value of financial wealth. 
That fact is incontrovertible; only the ex- 
periment giving rise to “consistency condi- 
tions” is changed since the change in wealth 
during any period is now treated endoge- 
nously. Furthermore, the basic Brainard- 
Tobin message remains intact; the potential 
pitfalls awaiting the researcher who does 
not take full account of the implications of 
the budget constraint are severe. 


II. The Brainard-Tobin Pitfalls Model 
In terms of the notation set out above, 


the Brainard-Tobin model can be illustrated 
in terms of the n asset equations given by 


O) Ay, => HL yt — y(-D] + 5,AX,, 


forr = 1,...,n 


where the asset targets y* are given by 


(10) y¥ => BX; 


i=0 


fors = 1,...,n 


and where X,, = Zy, = Zy*. There are 
three basic differences between the model 
described by (9) and (10) and the model 
outlined in Section I above. These are: the 
inclusion of the term 6,AX,, on the right- 
hand side of (9); the lack of an equation for 
saving; and the inclusion of end of period 
wealth X,, as an explanatory variable in 
(and constraint on) the asset target demand 
functions given by (10). 

The first point has been adequately dis- 
cussed by Gary Smith; we only need to note 
that since the 6,AX,, term is completely 
redundant we can, without loss of general- 
ity, drop it. As Smith notes, this is equiva- 
lent to using the substitution AX, = 
Z[p* — y,(—1)] to derive new stock adjust- 
ment coefficients Y, = Y, + 6,. This is 
only one of many possible substitutions, all 
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of which are equivalent, as shown by Smith 
on page 512.’ 

The second point is more important for 
the comparative interpretation of the two 
models. By analyzing the consumption- 
saving decision separately, the Brainard- 
Tobin model treats the change in wealth, 
that is, the sum over r of the left-hand side 
of equation (9), as exogenous to the fi- 
nancial sector. This gives rise to the con- 
sistency conditions shown by (11): 


(11a) 


> a= 0 


(1 1b) 


X am=1 


(11c) 
>» Yrs = l 


where the alphas are impact multipliers as 
described above. Conditions (11) reflect 
both the fact that asset demands must sat- 
isfy the wealth constraint and the treatment 
of wealth as exogenous. Thus (lla) shows 
that changes in nonwealth explanatory vari- 
ables lead only to a reshuffling of assets 
since wealth is explicitly held constant; 
similarly (11b) shows that an exogenous 
increase in wealth must induce an equiva- 
lent increase in asset holdings. Condition 
(lic) implies that any reshuffling of initial 
assets y,(—1), holding X„(—1) constant, 
does not necessarily influence current wealth 
Xm- This of course must be the case since 
Xm is exogenous. In contrast to the role 
played by the column sums in the inte- 
grated model of Section I (i.e., condition 


fori = O,1,...,m— 1 


fors = 1,...,n 


7Brainard-Tobin substitute for the excess demand of 
equities. They originally introduced the redundancy 
shown in equation (9) to allow for differential effects 
of alternative sources of wealth changes (i.e., planned 
savings vs. capital gains) and hence two terms were 
added to the stock adjustment terms. Since equations 
such as (9) don’t make this distinction, the additional 
term is completely redundant; as Smith’s clarification 
shows, the confusions in the literature that he ad- 
dresed were completely unnecessary. 
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(7c)), this condition tells us nothing about 
the influence of the composition of wealth 
on consumption. 

It is important to emphasize the different 
nature of the ‘‘flow-asset demand”? equa- 
tions (3) of the integrated model compared 
to the ‘‘contingent-asset-flow” equations 
(9). If the latter (assuming 6, = 0) were 
interpreted as asset-flow demands like the 
former, and hence their sum were used to 
represent the planned change in wealth, then 
conditions (11) would imply that saving not 
only be independent of the composition of 
wealth (11c), but also of income and rates 
of return (lla). This, of course, is not the 
way these equations were meant to be inter- 
preted. The point is that, due to the exog- 
eneity of wealth, conditions (11) are only 
sufficient conditions; if a saving relation 
explaining AX,, is added to the model de- 
picted by (9) and (10), then the sufficient 
conditions (11) can be replaced by a (pos- 
sibly less restrictive) set of necessary condi- 
tions which will depend upon the saving 
behavior postulated, as illustrated in the 
integrated model set out above.® 

The second point also arises when it 
comes to implementing the Brainard-Tobin 
model. There will be econometric problems 
involved in using wealth as an explanatory 
variable and hence treating it as predeter- 
mined, if it is in fact systematically related 
to the other explanatory variables. In order 
to deal with this, one would likely resort 
to limited information techniques, such as 
instrumental variables; the natural instru- 
ments to choose would be the variables ex- 
pected to influence saving. Hence the econ- 
ometric problem is really a reflection of the 
specification; the integrated model which 
explicitly includes the consumption-saving 
choice would lend itself to full-information 
estimation procedures. 

The third basic difference between the 


8Note that this issue arises independently of whether 
saving depends on the composition Rf wealth. If one is 
working with only a model of the\ financial sector, 
conditions (11) are appropriate. If, however, one is 
working with a complete macro model including a 
saving function, then to continue to impose conditions 
(11) will in general result in ignoring information 
present elsewhere in the system. 
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models is that Brainard-Tobin constrain 
the target values by end of period wealth. 
Mark Ladenson presents this as ‘*... a sort 
of rational desires hypothesis [since it] 
constrains the desired or equilibrium values 
of the financial assets and liabilities to obey 
the balance sheet identity” (p. 179). Such a 
statement is misleading since the target de- 
mand y* is not in general achieved at the 
end of the period and hence is not an “‘ef- 
fective demand”—there is no reason for it 
to be constrained by end of period wealth. 
Obviously what must be constrained are the 
actual quantities y,. Of course, the model 
is all conditional upon X,,, and the y* are 
the quantities that ultimately would be held 
if the values of X„ were constant for a long 
enough time. But, there is no reason for 
(expected) X„ to remain constant, and the 
decision rules (9) are very myopic in that 
they don’t take into account possible 
changes in the size of total wealth when 
planning the adjustment paths of individual 
assets. In the integrated model, the desired 
paths for assets do incorporate the accumu- 
lation decision, and total wealth at the end 
of period is as much a result of as it is a 
constraint on asset demands.’ 

Hence the Brainard-Tobin pitfalls model 
is formally consistent with the integrated 
model studied in Section I; when combined 
with a consumption-savings relationship 
such as (2), the Brainard-Tobin model will 
in principle give rise to exactly the same 
short- and long-run behavior as the inte- 
grated model.” However, the research 


9Dropping Xm as an explanatory variable for yf 
also eliminates the redundancy in equation (9). How- 
ever we continue to omit the 6,AX,,, terms since AX, 
is endogenous. Constraining the y¥ by X„ is the fea- 
ture of the Brainard-Tobin model which renders the 
univariate stock adjustment model (7,, = 0 for r # s) 
inconsistent. In the integrated model of Section I, 
univariate adjustment is possible (y,,=e,; Y,; = 0, 
r = s) as is the special case of constant speed of adjust- 
ment (Y, = @). 

10In practice, the results may differ since the ‘‘famil- 
iar” pitfalls model would maintain a deterministic 
relationship between 2 Ay, and AX,,, but, presumably, 
a stochastic relationship between AX „and Xq — c. The 
integrated model would exclude the concept AX, and 
posit a deterministic relationship between £ Ay, and 
Xo- c. 





408 AMERICAN ECONOMIC REVIEW 


strategies underlying the two approaches 
are very different, and care must be taken to 
interpret the resulis of the models accord- 
ingly. 


II. Concluding Comments 


The portfolio balance models common in 
the literature have been based on a dichot- 
omized approach to household decisions; as 
a result the coefficients of the asset demands 
were not only constrained to satisfy the 
wealth constraint but also to be consistent 
with the exogenous wealth assumption. I 
have presented an integrated approach to 
household behavior and developed a model 
which was more general but no more com- 
plicated than the portfolio balance model; 
in fact, the latter model is in some sense a 
special case of the integrated model. 

These results are important for the anal- 
ysis of the linkage between the monetary 
and real sectors of the economy. Tobin has 
used the dichotomized model to provide an 
insightful analysis of how changes in rela- 
tive asset supplies alter the structure of 
equilibrium rates of return (especially the 
supply price of capital) which in turn in- 
duce expenditure flows. Thus monetary 
policy operates in the usual Keynesian 
fashion by influencing interest rates; since 
total wealth is unchanged, no direct effect 
on expenditure is postulated. Monetarists, 
on the other hand, suggest that changes in 
relative asset supplies may elicit direct ex- 
penditure effects so that an open market 
purchase, for example, may affect expendi- 
ture other than via interest rates. That is, 
the monetarist view maintains that there 
will be a “real balance effect” even in the 
presence of a multiasset portfolio. In terms 
of my model the monetarist view of the 
transmission process is that the coefficient 
of money in the consumption equation 
would exceed that on other assets, a possi- 
bility generally ruled out in the dichotomized 
Keynesian model.'! The integrated model 


This is an empirical rather than a theoretical 
proposition since there is nothing in my model to dis- 
tinguish money from any other asset. Milton Fried- 
man has argued that the monetarist view of the 
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presents a framework in which the mon 
etarist view and the Keynesian view arise a: 
special cases, but the special cases can be 
tested for rather than imposed a priori. 

In the integrated model, consumptior 
would in general be affected by the proces: 
of the adjustment of actual toward desirec 
asset holdings; a change in asset stocks may 
well alter current consumption in a manne) 
independent of changes in current or de 
sired wealth (the latter arising out of inter. 
est rate changes) by altering the ‘‘speed’ 
with which current adjusts to desirec 
wealth. The monetarist view of the trans. 
mission process suggests, in terms of mi 
model, that a substitution of money for any 
other asset increases consumption; that is 
it slows the adjustment of actual toward. 
desired wealth. This “liquidity” effect is ; 
short-run dynamic effect since in my mode 
no effect on long-run wealth and consump 
tion is postulated. But in the short rur 
there is a close relationship between mone: 
and expenditure, and in this sense, velocit: 
is relatively constant in the short run.” 

A more general result from the consid 
erations in this section is that consistenc’ 
conditions derived from examining th 
portfolio balance decision can be treatec 
only as “sufficient” conditions. Once sys 
tematic relationships between the explana 
tory variables are introduced in othe 
equations—for example, the savings deci 
sion—then the sufficient conditions can b 
replaced by a less restrictive set of “neces 
sary” conditions. Such conditions allow no 
only for more general models of consump 
tion behavior as emphasized above, bu 
also give rise to an estimation procedure i 
which asset substitution relationships ma' 





transmission process does not confine the substitutio: 
effects to a limited range of financial assets, but sup 
poses that individuals seeking “to dispose of wha 
they regard as their excess money balances ... wi 
try to pay out a larger sum for the purchase of secu 
tities, goods and services, for the repayment of debt: 
and as gifts than they are receiving from correspond 
ing sources” (p. 910). 

12See also Friedman’s comment, p. 316, in Jerom 
Stein’s volume, on the relative stability of stock-flov 
and flow-flow relationships. 
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appear very different from those resulting 
in the standard approach since the. con- 
straints on such relationships are now re- 
laxed somewhat (compare (7a) and (7b) 
with (1 la) and (11b)). 
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Dynamic Models of Portfolio Behavior: 
Comment on Purvis 


By Gary SMITH* 


Douglas Purvis’ discussion of an inte- 
grated approach to consumption and port- 
folio decisions is an attractive extension of 
the “pitfalls” framework advocated by 
William Brainard and James Tobin. The 
pitfalls model is concerned with the port- 
folio allocation of a level of wealth which is 
predetermined by beginning of period asset 
holdings and current period saving and 
capital gains. One of the innovative features 
of this model is the inclusion of all asset 
yields and lagged asset holdings as explana- 
tory variables in the asset demand equa- 
tions. Purvis supplements the Brainard- 
Tobin asset demands with a consumption- 
saving relationship that includes a similar 
list of explanatory variables and reinter- 
prets this system as a model of integrated 
rather than sequential decision making. 
Despite his observation that, “when com- 
bined with a consumption-savings relation- 
ship such as (2), the Brainard-Tobin model 
will in principle give rise to exactly the 
.same short- and long-run behavior as the 
integrated model” (p. 407), most of Purvis’ 
discussion is concerned with alleged dis- 
similarities between the, two approaches. 
This is apparently due to his implicit 
coupling of a simple consumption function 
and sequential decision making. In particu- 
lar most of his comments on the Brainard- 
Tobin approach are actually concerned 
with whether or not lagged asset holdings 
should be included in a consumption func- 
tion. This is rather unfair to Brainard and 
Tobin since there is no consumption func- 
tion in the pitfalls model, and the two issues 
are really conceptually distinct. An inte- 
grated approach does not preclude, and a 
sequential approach does not require, a 


*Yale University. Note that equations numbered 
(1) through (11) are in Purvis’ paper. My equations are 
numbered in the same sequence. 





simple consumption function. The spirit of 
Brainard and Tobin’s work is in fact that 
the inherited composition of wealth is very 
important to consumption, but consump- 
tion decisions precede asset demand deci- 
sions. The substance of their sequential 
approach is not that the composition of 
wealth is unimportant to consumption but 
rather that there are some variables which 
influence consumption and yet do not 
separately affect asset demands; only the 
net amount of saving motivated by these 
influences is important. In this paper I have 
consequently tried to separate these two 
issues: the use of an integrated or sequential 
framework and the imposition of para- 
metric assumptions. 

One of the reasons for the merging of 
these two issues in Purvis’ discussion is that 
he uses a deterministic scenario which 
makes the distinction between integrated 
and sequential decisions unimportant. In 
Purvis’ integrated model, consumption and 
asset demands are constrained by lagged 
asset holdings plus income. In the relevant 
sequential interpretation of this model, 
consumption is first determined, setting the 
amount of saving and the level of end of 
period wealth. Asset demands are then 
decided upon, subject to the budget con- 
straint that they sum to the predetermined 
end of period wealth. Thus the integrated 
asset demands include income as an ex- 
planatory variable while the sequential 
asset demands instead include end of pe- 
riod wealth. In a deterministic world there 
are no substantive differences between these 
approaches as long as income and wealth 
are related through a consumption-saving 
equation. This equivalence breaks down if 
the marginal propensity to save out of in- 
come is zero (since wealth is then no longer 
related to income) or if there is an unob- 
served disturbance term in the consumption 
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equation. With a stochastic error term, 
predictions will diverge and the use of ob- 
served wealth in the asset demand equa- 
tions will introduce biases into the estima- 
tion procedure unless the decision making 
is truly recursive. If there is a simultaneous 
equations problem, then the use of the con- 
sumption explanatory variables as instru- 
ments for wealth will restore the equiva- 
lence of the sequential and integrated 
models. 

In practice, the attractiveness of a se- 
quential approach will depend upon the 
sector being studied. A hierarchical ap- 
proach in which certain decisions are prior 
claims which constrain other decisions is 
often used with considerable success despite 
its weak theoretical underpinnings. Some 
examples are household saving preceding 
the allocation of wealth, deposits in fi- 
nancial institutions constraining their asset 
acquisition, corporate physical investment 
preceding financing, and corporate invest- 
ment and long-term financing preceding 
short-term asset management. 

Although it need not, a sequential ap- 
proach is in practice often used to motivate 
the imposition of parametric restrictions. 
Some extreme examples are the assump- 
tions that corporate investment depends 
only upon a comparison of the anticipated 
profit rate with some hurdle rate; that the 
supply of labor depends only upon the 
nominal or real wage rate; and that con- 
sumption depends only upon disposable 
income. This practice may underlie Purvis’ 
implicit assumption that his complicated 
consumption function would not be used in 
a sequential model. I am instead stressing 
the points that a sequential approach does 
not require a simple consumption function 
and that a comparison of consumption 
functions does not provide a test of a se- 
quential approach. 

The actual Brainard-Tobin asset de- 
mands involve somewhat different para- 
metric assumptions in that both income 
and wealth are included as explanatory 
variables. In Purvis’ deterministic model, 
this is redundant since the saving relation 

makes wealth a linear function of income 
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and the other explanatory variables. In a 
stochastic world, wealth would pick up un- 
explained saving. In practice the substan- 
tive assumption actually embodied in the 
Brainard-Tobin sequential approach is that 
a number of explanatory variables in the 
consumption function do not separately ap- 
pear in the asset equations but instead in- 
fluence asset holdings only through wealth. 
Thus wealth appears in the asset demand 
equations because a number of other vari- 
ables have been omitted from these equa- 
tions, and not because lagged asset 
holdings have been omitted from the con- 
sumption function. 

In order to separate in the present paper 
the selection of explanatory variables from 
the adoption of a sequential or integrated 
approach, I will first discuss the sequential 
vs. integrated argument using the Purvis 
model to more concretely illustrate the is- 
sues involved. I will then compare the 


‘Purvis model to the Brainard-Tobin asset 


demand equations and discuss the implica- 
tions of the differences in explanatory vari- 


ables. 


I. The Relationship Between Integrated 
and Sequential Approaches 


In order to analyze both deterministic 
and stochastic frameworks, I will add a 
stochastic disturbance term é to Purvis’ 
consumption function (2) and stochastic 
terms e, to his asset flow demands (5). The 
presence of these terms introduces an addi- 
tional adding up restriction to his equations 
(7a)-(7c): 


(7d) 


o+ Be 
r 


In order to reinterpret his integrated model 
as a sequential process, the consumption 
function (2) can be substituted into the 
budget constraint (6) to yield a relationship 
between income X, and end of period 
wealth Xy = 2",y, as long as the mar- 
ginal propensity to save out of income 
(1 — bo) is not zero, 
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m-i 


(12) X= (zu De 


i=l 


+ 2 (e, — Dy- 1) + aM ~ bo) 


The substitution of this relation into the 
asset demands (5) yields the sequential 
asset demands which depend upon wealth 
rather than income, 


(13) 











n anfi Eat >» va 
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M 
= > aX; ii > Vis¥s(— 1) + é, 

i=l s=] 
The substitution of the definitions of the 
parameters contained in (13) into Purvis 
adding up restrictions (7) for the integrated 
model yields the adding up restrictions for 
the sequential model, 


(4a) Š a@,=0, i=l... 


„m— i 





_ parameters, 
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(14b) Do Gm» = 


ot 
fn 


(4o) ÈO Fn = ds, 


(14d) DU, = 0 


In a deterministic world where the «e, = 0, 
them + n explanatory variables in the se- 
quential asset demands (13) are a linear 
transformation of the m + n explanatory 
variables in the integrated demands (5), 
and the two approaches are fully equiva- 
lent. Notice that in contrast to Purvis, I 
have placed bars over the parameters of the 
sequential asset demands (13) to distinguish 
them from the integrated parameters in (5) 
because, although linearly related, they are 
not identical. The use of the same notation 
might give the misleading impression that 
the demand equations (5) and (13) and the 
corresponding consistency conditions (7) 
and (14) are competing alternatives rather 
than equivalent representations. 

This equivalence breaks down in a sto- 
chastic world with unobserved distur- 
bances, e, = 0, since there will no longer be 
an exact linear relationship between ex- 
planatory variables for the integrated and 
sequential models. Even if one knew the 
true values of the parameters (or any com- 
mon set for that matter), predictions would 
diverge since a unitary increase in the con- 
sumption disturbance term will not affect 
the integrated asset demand forecasts (5)- 
but will lower X„ by a unit (see (12)) and 
hence lower the sequential asset predictions 
(13) by &œ,o/(1 — 49). The actual change in 
asset holdings will depend upon the cor- 
relation between e and e, (which is typically 
negative from (7d)). For any common set of 
the difference between the 
mean squared forecast errors for the se- 
quential and integrated models is 


‘Aro 


cab; 








El) + 2 Oro 


by E(€é,€q) 
The integrated model will consequently be 
more accurate if and only if 
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E(,€9) ao 
15 2———- > -—** 
(19) Ele) 1 — b 


In practice the parameters will probably 
be estimated, and one must then confront 
the fact that wealth is likely to be correlated 
with the disturbance terms in the sequential 
asset demand equations, since 


a0 


EKn) = ~Eleot,) - 2 
= Vo 


Ele) 





is not equal to zero unless 


a E(€€,) = ao 


El) l-b 


The left-hand side of this condition! de- 
scribes the change in Ay, associated with a 
unit increase in X,, that is due to a fall in 
éo. The right-hand side is the increase in 
Ay, associated with a unit increase in X,, 
due to an increase in X. Thus wealth will 


be correlated with the disturbance terms in ` 


the asset demand equations, unless the 
model is actually sequential in the specific 
sense that the effect of a change in wealth 
on asset demands is independent of whether 
the change in wealth is the result of a 
change in income or in the consumption 
disturbance term.? The earlier prediction 
criteria (15) can now be interpreted as stat- 
ing that (for a common set of parameter 
estimates) the sequential model will have 
smaller forecast errors if it is more accu- 
rate to assume that a change in the con- 
sumption disturbance term has the same 
effect as a change in income on asset de- 
mands than to assume that it has no effect. 
An obvious response to the simultaneity 


'An alternative interpretation is that the system 
must be recursive in that the error term eg in the con- 
sumption function is uncorrelated with the error terms 
€, + &,o€0/(1 — bo) in the sequential asset demands 

13). 


2Purvis misstates the simultaneity issue as, “There 
will be econometric problems involved in using wealth 
as an explanatory variable and hence treating it as 


predetermined if it is in fact systematically related to. 


the other explanatory variables” (p. 407). Simultaneity 
does not hinge upon the correlation between wealth 
and the other explanatory variables, but rather upon 
the correlation between wealth and the disturbance 
term. 


SMITH: PITFALLS IN FINANCIAL MODELS 413 


problem is to use X, @ = 0,...,m — 1) and 
y(-1) ( = 1,...,”) as instruments for 
wealth X,,. The sequential asset demand 
equations will then include m + n indepen- 
dent linear combinations of the m + n inte- 
grated explanatory variables, rendering the 
two sets of parameter estimates fully equiv- 
alent. The only difference will be the super- 
ficial one that one set of equations will be 
in the integrated form (2) and (5) with its 
parameters subject to the adding up restric- 
tions (7) while the other set will be in the 
sequential form (2) and (13) with its param- 
eters subject to (14). Either set of param- 
eter estimates could of course be directly 
derived from the other set. The forecasts 
will also coincide if X„ is replaced by its 
instrumental variables estimate. If the 
observed values of X,, are instead used, then 
the forecasts will diverge with the criteria 
(15) again determining the more accurate 
approach. It is also worth mentioning that 
wealth is not the only explanatory variable 
which may not be predetermined. Asset 
prices or yields, the prices of consumption 
goods and, more relevantly, income could 
all be plausibly considered sources of si- 
multaneity problems. 


Il. The Pitfalls Model 


The Brainard-Tobin asset demands dis- 
cussed by Purvis (from (9) and (10)) modify 
this analysis somewhat since both income 
and wealth are included as explanatory 
variables, 


(16) Ay, = 2 Brn X i a 2 Fry- 1) + A 
i=0 sel 


The adding up restrictions are now? 


3Purvis argues that the Brainard-Tobin adding up 
restrictions “‘reflect ... the treatment of wealth as 
exogenous, ...”” and that, “Condition ... ((17c)] im- 
plies that any reshuffling of initial assets y,(— 1), hold- 
ing X,,(—1) constant does not necessarily influence 
current wealth Xm (p. 406). The model and the re- 
strictions in fact contain no information about the 
determination of wealth. Conditions (17a), (17c), and 
(17d) do reflect a mental ceteris paribus experiment 
in which wealth is held constant while another ex- 
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(17a) Da, = 0, i=0,...,m— 1l 
(17b) 2 üm = 1 

(17¢) D Fa =i s= legn 
(17d) De =0 


P 


I have again labelled the parameters with 
bars, both for notational simplicity and be- 
cause the sequential version (13) of Purvis’ 
model can be interpreted as the special case 
of the Brainard-Tobin model (16) in which 
@o = 0. This implies that since Purvis’ 
integrated model, (2) and (5), is of compar- 
able generality to the sequential version, 
(2) and (13), he is incorrect in arguing that 
the Brainard-Tobin model “is in some sense 
a special case of the integrated model” 
(p. 408), and that with an integrated ap- 
proach the adding up restrictions “are now 
‘relaxed somewhat (compare (7a) and (7b) 
with ... [(17a)} and ... [(17b)])” (p. 409). 
The latter argument is also directly refuted 
by the observation that (7) is a linear trans- 
formation of the sequential adding up re- 
strictions (14) which are the special case of 
(17) where &,, = 0.’ 





planatory variable changes, but such experiments 
can be performed regardless of whether or not wealth 
is exogenous. For example, condition (17a) states that 
holding wealth as well as the other explanatory vari- 
ables constant, an increase in X; involves only a 
reshuffling of asset holdings. Purvis’ condition (7b) on 
the other hand states that holding the explanatory 
variables other than wealth constant, an increase in 
X; will increase net asset holdings by the amount that 
saving increases. If one were to perform comparable 
mental experiments, one would obtain comparable 
answers, For example, the asset demand effects of a 
change in X; in the Brainard-Tobin model, taking 
into account the effect of X; on wealth, also sum to 
—b;. 

aA tangential issue raised by Purvis is that the pit- 
falls framework is best suited for a static environment 
since the target asset holdings and adjustment be- 
havior do not reflect the anticipated course of asset 
demands and resources. In a growth situation, the 
model is consequently always struggling to catch up 
to a moving target. It is unfortunately difficult to 
construct a simple and yet sophisticated description 
of this dynamic multivariate problem, although at- 
tempts have been made by Manuel Barbosa and 
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An alternative interpretation is provide: 
by using the implication of the consump 
tion function (2) that 


(18) 


-È TEE AE EP 


- 3 b,X, + 3 (1 - ey, (=!) — « 


to eliminate X,, from (16): 


(19) = (Go + Tml — bo) Xo 
m-l 
S Qi Gym Oj) X: 
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+ (€ ae mo) 


This is identical to Purvis’ integrated asse 
demands (5). 

` In a deterministic world the Brainarc 
Tobin model (16) and the Purvis mod 
(19) are thus equivalent if the consumptio 
function (2) is appropriate. This is becaus 
the consumption function (2) implies thz 
Xm is redundant since it is linearly relate 
to the remaining explanatory variables i 
the asset demand equations. As Purvi 
notes the adding up restrictions (17) ar 
then sufficient but not necessary. This i 
analytically equivalent to the Ladensor 
Clinton problem discussed by the autho) 
though one could draw a distinction be 
tween linear dependencies arising fror 
identities and those due to behavior and/c 
events. With the former, one can only us 
fanciful terms to describe behavior in th 
Wonderland situation where an explan¢ 
tory variable is increased while it is als 
being held constant. In the latter case, how 
ever, it is entirely reasonable (and even ir 
teresting) to speculate on how agents migt 
behave if for legal, policy, or behavior: 
reasons variables which had been tied tc 
gether were to be set free. When engagin 


Benjamin Friedman. Since Purvis’ asset demands a 
less general than those of Brainard and Tobin, h 
contribution here is limited to his advocacy of tl 
consumption function (2). 
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in such an exercise, one should assign 
parameter values which would yield consis- 
tent behavior if the variables were to move 
independently. The full set of adding up 
restrictions (17) would then be necessary as 
well as sufficient. In practice, the linear de- 
pendency in (16) will be broken if the 
parameters of the consumption function (2) 
change or if there is a stochastic error term 
in that equation. In a stochastic world, even 
with the common set of parameters de- 
scribed in (19), predictions will diverge? 
since an increase in the consumption dis- 
turbance term ep will not affect the Purvis 
forecasts (19), but will lower wealth and 
hence the Brainard-Tobin asset forecasts 
(16) by &,,,. The actual mean change in 
Ay, Of ~@,_ + cov (epe,)/var (éo) is gen- 
erally assumed negative.® In their predic- 
tions (and estimation) Brainard-Tobin im- 
plicity assume that cov(e é,) = 0 and assign 
a value @,,, to the change in Ay,. Purvis 
implicitly assumes that cov (€9é,)/var €o = Qym 
and predicts no change in Ay,. Purvis will 
have a smaller mean squared error if and 
only if 


COV (€€,) S Crm 
var (€o) 2 


Thus, there is here a substantive difference 
in that Purvis neglects, while Brainard- 
Tobin do not, the effects on asset demands 
of influences which are omitted from the 
consumption function. 

This brings up the more general point 
that Brainard and Tobin include wealth in 
the asset demands to catch the effects not 
only of éo, but also of any explanatory vari- 
ables in the consumption function which 
are not otherwise included in the asset de- 
mand equations. The Brainard-Tobin asset 
demands are exceptionally rich and de- 
tailed, but they typically include only in- 
come, saving, capital gains, asset yields, 
and lagged asset stocks as explanatory 
variables, and neglect such obvious in- 
fluences on saving as the composition of 
income, commodity prices, lagged stocks of 


5If Xm itself is predicted from (2), then the asset 
demand forecasts will of course coincide. 

6In Purvis’ framework, this assumption is that 
cov (ege,) < 0. 
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durable commodities, and accustomed con- 
sumption or production levels. Instead they 
have adopted a sequential approach in 
which asset demands depend upon avail- 
able saving, but not upon all of the factors 
which determine the level of saving. Thus 
the appearance of wealth in the asset de- 
mands does not reflect the simplifying as- 
sumption that asset stocks are unimportant 
to consumption but rather the simplifying 
assumption that many consumption influ- 
ences are not separately important to port- 
folio decisions. 

Although the Brainard-Tobin model re- 
flects a simplification of asset demands 
rather than consumption, the presence of 
lagged asset stocks in the consumption 
function is interesting and deserves discus- 
sion.’ Purvis specifically raises the issue of 
the monetarist transmission mechanism, al- 
though his mental experiment in which 
households find themselves with more 
money and fewer bonds reflects a benev- 
olent mugger analogy rather than an open 
market operation in which households are 
persuaded to make a voluntary exchange. 

The specific issue is the relative size of 
the coefficients e, on the lagged asset stocks 
in the consumption function (2). If the co- 
efficient for money is larger than that for 
bonds then a ceteris paribus swap of money 
for bonds will increase consumption. The 
coefficient e, measures the reduction in 
saving occurring when the actual holdings 
of an asset increase relative to desired hold- 
ings. This coefficient e, = 2,y,, represents 
not only the own speed of asset adjustment 
(Yss) but also the induced changes in hold- 
ings of other assets (y,,, r # s). If these 
cross effects are negative then e, > Ys, 
since saving must finance not only the ac- 
quisition of the own asset but of other 
assets as well. In the case of money one 
would expect the own effect to be large and 
the cross effects to be small but more likely 
negative than positive; other assets might 
be sold to obtain money but there is little 
reason to acquire other assets. With more 


7Lawrence Klein; Don Patinkin; James Tobin; 
Harold Watts and Tobin; Arnold Zellner, David 
Huang, and L. C. Chau discuss the influence of the 
composition of asset holdings on consumption. 
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illiquid items, the own speed of adjustment 
is probably smaller but there may be sig- 
nificant positive cross effects; a hesitancy to 
move quickly into illiquid high trans- 
actions-cost items may motivate the tem- 
porary acquisition of liquid assets. 

My own priors are that the e, for liquid 
items are probably larger than for illiquid 
ones due to the extra transactions costs of 
using liquid assets as a temporary buffer for 
illiquid transactions. Within the liquid and 
illiquid and high and low transactions costs 
categories, the differences in e, are probably 
negligible. Brainard and Tobin argued that 
model building often requires generality in 
order to avoid an inadvertantly implausible 
or even inconsistent specification. However, 
one should also seek to-avoid the useless- 
ness that follows from completely general 
. models. Some subtle effects are surely so 
minor that they can be safely neglected. 
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On Extortion: A Reply 


By HAROLD DEMSETZ* 


In their criticism of my views on the ex- 
tortion problem, George Daly and J. Fred 
Giertz confine their search for my opinion 
to a paragraph contained in a short com- 
ment I wrote (1971) on a paper by Donald 
Shoup. In that comment I referred the 
reader to a more extensive treatment of the 
subject (1972a). Had Daly and Giertz 
bothered to follow this lead they would 
have realized that their criticism completely 
misrepresents my views. They criticize me 
for claiming that the extortion problem is 
merely the monopoly problem in disguise, 
which I did, and for failing to note that a 
distinction between these two problems can 
be made on the basis that extortion uses re- 
sources unproductively but monopoly does 
not, which I did not. So that the record on 
my views may be set straight, I excerpt a 
few sentences from my earlier paper. 


The problem of “extortion” arises 
when a change in liability gives rise to a 
redistribution in wealth. In the farmer- 
rancher case, the relative values of 
nearby farm and ranchlands will be 
changed when the rule of liability is 
altered... 

In these cases the owner of the spe- 
cialized resource, ranchland or farm- 
land, that is not required to bear the 
cost of the interaction may threaten to 
increase the intensity of the interaction 
in an attempt to get his neighbor to pay 
him a larger sum than would ordinar- 
ily be required to obtain his coopera- 
tion in adjusting the intensity of the 
interaction downward.... The ap- 
propriate economic label for this prob- 
lem is nothing more nor less than mo- 
nopoly. It takes on the cast of such 
legal classifications as extortion only 
because the context seems to be one 
where the monopoly return is received 
by threatening to produce something 


# 
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that is not wanted—excessively large 
herds. The conventional monopoly 
problem involves a reduction or a 
threat to reduce the output of a desired 
good. In the unconventional monopoly 
problem presented here, there is a 
threat to increase herd size beyond de- 
sirable levels. But this difference is 
superficial. The conventional monop- 
oly problem can be viewed as one in 
which the monopolist produces more 
scarcity than is desired, and the uncon- 
ventional monopoly problem discussed 
here can be considered one in which 
the monopolist threatens to produce 
too small a reduction in crop damage. 
Any additional sum that the rancher 
succeeds in transferring to himself 
from the farmer is correctly identified 
as a monopoly return.... 

Should the law treat such classes of 
monopoly problem as “extortion” 
... Activities to which anti-extortion 
laws normally apply typically involve 
the use of violence or ... actions con- 
sidered socially undesirable ... anti- 
extortion legal measures in such cases 
[are] less likely to penalize socially de- 
sirable actions by mistake. [pp. 22-23] 


My identification of the distinction be- 
tween extortion and monopoly as legal 
rather than economic stems from an ob- 
solete reluctance to mix normative and 
positive propositions. The normative judg- 
ment as to what is an unproductive use of 
resources is often more difficult than Daly 
and Giertz realize. Thus, if A threatens to 
open a business identical and next door to 
B’s business, it is not generally unlawful for 
B to pay A to refrain from doing so, whereas 
if A were to ask payment for not delivering 
to B’s wife a photograph embarrassing to 
B, then A’s activity would generally be held 
to be illegal. How do the two cases differ? It 
cannot be said that A’s threat, if carried 
out, has social utility in the first case but 
not the second. If society frowns upon 
promiscuous activity, the possibility that 
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such a photograph might be shown to B’s 
wife may deter B from his transgressions, 
just as, if B should build a railroad next to 
A’s, additional transportation services 
would be made avzilable to society. Yet in 
the one case the wealth transfer is legal and 
in the other it is not. 

There are cases in which it is plausible to 
suppose that the activity clearly yields social 
cost in excess of social benefit. An example 
would be the threat to break windows un- 
less paid not to do so. Since the social pur- 
poses to be served by window breaking are 
weak at best, it seems sensible to make 
wealth transfers brought about through this 
activity illegal, although some legal govern- 
ment activities, such as payments for not 
growing crops and for burying pigs to raise 
pork prices, are highly similar. The more 
likely it is that the benefits of an activity ex- 
ceed its cost, the more reluctant we should 
be to deter, by meking illegal, redistribu- 
tions of wealth associated with the activity. 

The general method adopted by the legal 
system in these situations is essentially to 
alter the definition of property rights. Thus, 
firms generally do not own the right to con- 
trol the kind of business that opens down 
the street (unless they also own the location 
down the street). But a person does own the 
right to some aspects of his privacy, and 
this is interpreted to mean that he has some 
control over the photographs taken of him. 
The legal situation is complex, for the same 
photograph taken without his permission 
may be legally taken if it serves the pur- 
pose of establishing grounds for divorce. 
Such a photograph might very well be the 
evidence used to secure alimony, which, of 
course, is not extortion because it is legal! 

These matters I discussed in a sequel 
paper (1972b), apparently also not un- 
covered by Daly and Giertz in their search 
for my views on extortion. 

Even my statements in the comment to 
which they do refer are inaccurately repre- 
sented. According to Daly and Giertz, 
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“Demsetz has argued that competition will 
drive to zero the price of extortionist ser- 
vices and, hence, that it will not be supplied. 
This confuses cause and effect. It is precisely 
the fact that extortionist services are sup- 
plied that drives the price to zero” (p. 1001). 
What I was discussing was the extortion 
problem in the context of Coase’s assump- 
tion of zero transaction costs. According to 
my article (1971), 


The use of resources to communicate 
terms of trade or reservation prices or 
to create an attitude that “he really 
means it” is unnecessary in a world in 
which negotiation costs are absent. 
Shoup’s allegation that resource use 
will be affected by the assignment of 
liability in a transaction  costless 
world, and, therefore, that the Coase 
theorem is suspect, is unsubstan- 
tiated.... Under competition the price 
of a good, or of an agreement, is held 
to its cost. Clearly in this case the pro- 
duction of “excessive” smoke simply to 
“extort” imposes an unnecessary cost 
on ‘‘extortionists”. They would be 
happy to avoid nonprofitable activity 
levels for any positive payment... 
If negotiating Costs are positive, so that 
resources are used to transfer wealth, 
there also will be allocative effects. 
[pp. 444-45, emphasis added] 
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Market Efficiency in an Arrow-Debreu Economy: 
A Closer Look 


By Kose JOHN* 


In a recent paper, Mark Rubinstein at- 
tempts to develop a precise analytical defi- 
nition of information efficiency, and to 
identify the characteristics of participants 
who believe present security prices fully 
reflect their information. His model with 
its surprising implications definitely war- 
rants a closer look. 

In Section I, I will present a model of 
the economy (similar to the one used by 
Rubinstein but in a somewhat more gen- 
eral context) and derive ‘“‘nonspeculation 
conditions” for a general utility function. 
In Section II, I show that for a special class 
of utility functions the Rubinstein condi- 
tions follow. A summary of his results and 
their perplexing implications for inter- 
temporal structure of security returns is 
provided. The role played by the nature of 
the utility function in arriving at the under- 
lying conditions is highlighted. 


I 


The model of the economy used is the 
usual state-preference theoretic framework, 
with decisions taken over a three-date 
(t = 0, 1,2) horizon. Let E be an index set 
for all possible states at t l, and S at 
t = 2. At date t = 0, the individual chooses 
present consumption Co and makes a pro- 
visional choice of future consumption by 
selecting a portfolio of contingent claims 
{C.}, (e E E) tot = 1 consumption and 
{C,} (s © S) tot = 2 consumption. If {P,} 
and {P,} denote the respective date t = 0 
prices to these claims, the individual will 
divide his present (i.e. t = 0) wealth Wo 
such that 


Wa = Co + >, PC +>, PC, 


*College of Business Administration, University of 
Florida. I wish to express my gratitude to Fred D. 
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Att = 1, some state e is actually realized 
and contingent claims to that state pay off. 
The resulting new information revises be- 
liefs held by individuals concerning prices 
to rule in the market at t = 2. In general, 
the equilibrium prices of contingent claims 
to date t = 2 consumption are revised to 
{P,.-}. The individual’s wealth W, at t = 1 
will therefore depend both on the state e 
and on his prior choices so that W, = C, + 
2,P,..C,. In view of the revised prices, each 
individual with his own revised beliefs will 
in general desire to revise his provisional 
choices C, and {C,} made at t = 0. Let C, 
and {C,.,} be his revised choices of date t = 
1 consumption and portfolio of contingent 
claims to t 2 consumption (which, of 
course, satisfies his wealth constraint W, = 
C, + 2,P,..C,..). Att = 2 the true state s 
occurs, and he consumes C,.,. 

All individuals obey the Savage axioms 
of rational choice and aim to maximize ex- 
pected utility where {7,} denotes the prob- 
ability held by an individual that state e will 
occur and {z,..} denotes the conditional 
probability that states s will occur given the 
occurrence of state e. The individual maxi- 


-Mmizes a general utility function’ over’ his 
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final consumption plan Co, Ce, Cs-e. The 
necessary and sufficient first-order condi- 
tions for the maximization of expected 
utility subject to the wealth constraints are 
used to derive the nonspeculation condi- 
tions. These are defined as’ beliefs and tastes 


It is assumed that the utility function is concave 
(over the convex feasible set). This ensures that the 
first-order necessary conditions of optimality are also 
sufficient. 

2The definition is patterned after Rubinstein. But in 
the context of a general utility function, in addition to 
the beliefs of an individual about the occurrence of 
states, his tastes for intertemporal consumption (as in- 
corporated in his utility function) would also be in- 
volved in his decisions whether or not to revise his 
portfolio. This modifies results of Rubinstein and 
other papers which considered the problem for spe- 
cialized types of utility functions. 
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for which no portfolio revision is an optimal 
Strategy, that is, given his tastes (as incor- 
porated in the utility function) he perceives 
the new information that becomes available 
to him at t = 1 as fully reflected in the re- 
vised prices and he opts not to revise his 
portfolio att = 1. 

The individual’s optimization problem is 
as follows: 


max 


L > TeWs.eU(Co, Ces Cse) 
with respectto Co, {Ĝ MÂ HC HCe} 


subject to 


a) C+) PĜ +}, PĜ = W 


(2) 
Ce + DS PreCre= G+, Priel = W. 


Forming the Lagrangian function using 
stochastic Lagrangian multipliers, 


L = È X TeWs.e U(C), C., Cy.) 
+ do [m = Co => P.C, = > Prin 
+ D Tere ê. + X P,.eC, Ne Ce = 


2 PrCre| 


From here on, I will denote the optimal 
values Cf,C#,C%, of the arguments Co, 
Ce, Cs.e of the U-function and its partials 
by three dots. Further denote 


AU/ACo(...) = Up(...), 9U/IC(...) = 
U,C. .), 3U foe, hay = Ul.) 


Writing the first-order necessary condi- 
tions of optimality, 


6) 2 i D 2 WeTs.e Uol...) -` = 0 
0 e s 
(4) 


a = Be 2 Hs.eU . ‘) 





= Acte = [Ve GE] 
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aL 
(5) Cre a WeWs.¢U2(...) 
— AeTePe = 0 [Fe C E, Vs © S 
E E EES E A 
ac, 
(7) 





a = MP, + D> tee Pu = OPs E S 


and the feasibility conditions (1) and (2) 
Rewriting (3) and (4) 

(8) Ao =>. dy memeeVol...) 

(O) w= Dy meV...) [Ke E E] 


Rewriting (5) (6) and (7) we have 





Tse 
(10) Ae = P... U2(...) 
No im Te 
(11) Se 
(12) MP, = O NetePae 


Multiplying (10) by (11) we obtain 
(13) 


Xo Ke WeWs.e 


Ux...) PePye 


After the state e is realized and the sub 
sequent revision in prices and beliefs, i: 
C¥ = C# and {C*,] = {C¥} satisfy (13) fo 
all states s, then “no portfolio revision’ 
would be an optimal strategy.’ In othe: 


[Fs € S, Pe € E] 





3We can easily verify that such choices are feasib! 
at date t = 0. Substituting A, = Ag(P,/7,) from (11 
in (12) we obtain 


(a) BaP Pre 
e 


Multiplying (2) by P, and summing over e, 


È 2 PP.) ca hes 
S e e 
2 (ÈZ PPr.) Cr+ J Pet an 
sS e e 
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words if the initial choices were such that 
(13) holds for the revised beliefs and prices, 
then the currently held portfolio is optimal. 

The main implication of this condition 
(13) is that tastes of an individual for inter- 
temporal consumption (in addition to be- 


liefs and prices) is involved in his decision. 


to revise his portfolio. Two individuals hav- 
ing the same beliefs about the incidence of 
states (and of course confronted with the 
same set of prices) could take different deci- 
sions about revising their portfolios. 

Another immediate implication is that 
the utility-free nonspeculation conditions 
(derived by Rubinstein) would not hold‘ for 
a general utility function. But interestingly 
such conditions do hold for a class of utility 
functions (discussed in Section II) which ex- 
tends the Rubinstein class of additively 
separable functions. 


H 


In this section I examine a class of utility 
functions for which a utility-free nonspecu- 
lation condition holds and define “E-S 
separable functions” as a class of utility 
functions U(Co, Ce, Cs-e) which could be 
separated as V (Co, Ce) + W(Co, Cs.e). This 
class of utility functions separate (addi- 
tively) the utilities of consumption in period 
t = 1 andt = 2; the marginal utility of t = 2 
consumption is independent of the con- 
sumption in (t = 1) state e. 


THEOREM: If the utility function is E-S 
separable then the nonspeculation condition 
is 





Using (a) and (1) 


Dd. PsChet Dy PeCt= D PĜ + PCE 
a e s d 


=W- C3 
i.e., 2,P,Ch + 2PC} + Co = Wo, the feasibility 
condition att = 0. 

4Consider equation (13). Since U2(...) contains as 
its argument C*, the left-hand side of (13) depends on 
e, even if C¥. , is stipulated to be independent of e. The 
condition that Ag/U2(...) be independent of e is 
critical in the Rubinstein proof for his nonspeculation 
condition (see Rubinstein, p. 816). 
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(14) Wels. = Ws 
PP. s 
PROOF: 


Since U is E-S separable, 
U(Co, Ces C3.) = V(Co, C.) + W(Co, Ciz) 
(15) 


Ua...) = 2 (CECE) = WCE, CHE) 


Substituting (15) in (13) we have 


Hels. Xo 


P,P... 





16 = —— 
ii WCE, CE) 
If CX, is independent of e, the right-hand 
side of (16) is independent of e. Then there 
exists a number q, (independent of e) such 
that 

TWeWsre Ao 


P.P,.e  W,(C¥,C*.) 


Summing over the states e, 


qs (x P.Pre) = >; Rese 


which by equation (a) (in fn. 3) implies 
QsP, = Ts, i1-€., 
Ts, WeTs.e Xo 


(17) & = p= pp. Wat CE) 





qs = 


Conversely if (17) holds 

— NO Be 

WCE, C e) Ps 
so that C*, must be independent of e. 
Therefore we can define C¥ so that C*, = 
C# if and only if (14) holds. To show {C#*} = 
{C*} and {C*} = {C#} we just need to 
verify that these choices are feasible at date 
t = 0. (This is done as in fn, 3.) In this case 
the individual would be willing to move im- 
mediately to {C*} and {C¥} at date t = 0, 
and not revise his portfolio at t = 1. 


COROLLARY: For an additively separable 
utility function, 


U(Co, Ce, Cre) T P(Co) 
+ Q(Ce) + R(Cs:e) 
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the nonspeculation conditions are the same, 
ie., (14). 


PROOF: 

Additively separable functions form a 
proper subclass of the E-S separable func- 
tions. 

For this class of functions the nonspecu- 
lation conditions depend only on the rela- 
tionships between beliefs and prices. Re- 
writing (14) we have 


(18) Piel Es ae We 


7 A 
Wseef Ts P. 


The right side is fully determined before e is 
known. It is a constant of proportionality 
between revised prices and beliefs predeter- 
mined at t = O which must hold for “no 
revision” to be optimal. 

Now we look at some restrictions on the 
intertemporal structure of security returns 
implied by the nonspeculation condition 
(14). Translating prices into rates of return, 


(19) l + Fise = Pee/Ps 
(20) L+ riy = (2e P.) 
(21) l + rase = P3, ete. 


the nonspeculative intertemporal structure 
follows from the nonspeculation condition, 
as 
(22) EI + ri) + ra)] = 
(1 +r pEI + rz) 
where the expectations are assessed with re- 
spect to beliefs held at t = 0. In words, the 
intertemporal structure of rates of return 
implied by nonspeculative beliefs has the 
following characterization: the expected 
one plus compound rate of return on any 
security discounted by one plus the first- 
period risk-free rate equals its expected one 
plus second-period rate of return where the 
expectations are assessed with respect to be- 
liefs at the beginning of the first period. If 
we accept this characterization of the inter- 
temporal structure some popular statistical 
hypotheses used in this context lead to per- 
plexing conclusions. Serially uncorrelated 
5This characterization will in general hold only for 


rates of return of each contingent claim, not for rates 
of return on portfolios of contingent claims. 
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rates of return, (as, for example, surveyed 
in Eugene Fama) have played a significant 


-role in the guise of the random walk hy- 


pothesis in statistical tests of information 
efficiency. But with serially uncorrelated 
rates, 


(23) EI + ro) + rs) = 
E{( + ri) EIC + Fas)] 
is clearly equivalent to 


(24) EI +r) = 1+ ny 
using (22). That is, the expected first-period 
rate of return on any security equals the 
first-period risk-free rate if and only if its 
intertemporal sequence of one plus rates of 
return are serially uncorrelated. This result 
is counterintuitive in a risky economy com- 
posed of risk-averse individuals.® 

In conclusion, even though the model 
looks promising, its implications based on a 
special class of utility functions warrant 
closer scrutiny. Two immediate directions 
for further research suggest themselves: 1) 
to identify alternate conditions for the 
general utility function and to examine 
their implications; and 2) to recognize 
classes of utility functions and the specific 
nonspeculation conditions they would im- 


ply. 


6The role of the nature of the utility function (i.e., 
its E-S separability) in arriving at the underlying con- 
dition (14) has been discussed. So if the participants of 
an economy cannot be characterized by E-S separable 
utility functions then (14) and its implications need not 
hold even if they perceive the securities market as in- 
formationally efficient. 


REFERENCES 


K. J. Arrow, “The Role of Securities in the 
Optimal Allocation of Risk Bearing,” 
Rev. Econ. Stud., Apr. 1964, 31, 91-96. 

E. F. Fama, “Efficient Capital Markets: A 
Review of Theory and Empirical Work,” 
J. Finance, May 1970, 25, 383-417. 

M. Rubinstein, “Securities Market Efficiency 
in an Arrow-Debreu Economy,” Amer. 
Econ. Rev., Dec. 1975, 65 812-24. 

P. A. Samuelson, “Proof that Properly An- 
ticipated Prices Fluctuate Randomly,” 
Ind. Manage. Rev., Spring 1965, 6, 41-50. 





Money, Income, and Causality in the United States 
and the United Kingdom: A Theoretical 
Explanation of Different Findings 


By BLUFORD H. PUTNAM AND D. SYKES WILFORD* 


In an article in this Review, Christopher 
Sims presented an innovative statistical 
technique to determine the direction of 
causality, then applied this methodology to 
money and nominal income in the United 
States. He concluded: “The main empirical 
finding is that the hypothesis that causality 
is unidirectional from money to income 
agrees with the postwar U.S. data, whereas 
the hypothesis that causality is unidirec- 
tional from income to money is rejected” 
(p. 540). In a more recent paper in this Re- 
view, David Williams, C. A. E. Goodhart, 
and D. H. Gowland applied Sims’ statistical 
methodology to the United Kingdom and 
concluded: “We found for the U.K. some 
evidence of unidirectional causality running 
from nominal incomes to money but also 
some evidence of unidirectional causality 
running from money to prices. Taken to- 
gether, this evidence suggests, perhaps, a 
more complicated causal relationship be- 
tween money and incomes in which both 
are determined simultaneously” (p. 423). 
Furthermore, Williams, Goodhart, and 
Gowland suggest some general possibilities 
for the differences between the United 
States and the United Kingdom, and they 
are careful to note that: “Because of the 
various differences in context the finding 
that in the United Kingdom the relation- 
ship between money and income appears 
different from that found by Sims for the 
United States in no way casts any doubt on 


*Economists, Chase Manhattan Bank, N.A. The 
views expressed in this paper are solely our own and 
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hattan Bank. We wish to thank David T. King, the 
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the validity of Sims’ own results” (p. 417). 

The purpose of this paper is to present a 
concise model which draws together the 
findings of Sims for the United States and 
Williams, Goodhart, and Gowland for the 
United Kingdom. To accomplish this, a 
fixed exchange rate system is modeled in 
which one country, the United States, serves 
as the primary reserve currency country, 
while other countries, the United Kingdom 
in this case, hold a substantial portion of 
their international reserves denominated in 
terms of the reserve currency.! Particular 
attention is paid to the asymmetrical nature 
of the system with respect to money’s in- 
fluence on nominal income and vice versa. 
Indeed, the ability of the reserve currency 
country to create international reserve as- 
sets plays the primary role in explaining the 
asymmetrical nature of the system and the 
empirical results of Sims, and Williams, 
Goodhart, and Gowland. 

The model is couched in a world in which 
asset reallocations are viewed as adjust- 
ments toward maintaining general equi- 
librium. This equilibrium is based on a 
stable set of preferences regarding the 
structure of individual portfolios, broadly 
defined in terms of holdings of real con- 
sumption goods, real interest bearing 
financial assets, real money balances, and 
leisure time. The assumption of equilibrium 
conditions in all markets allows attention 
to focus directly on the money market to 
isolate the process of portfolio adjustment 
in international markets. As in similar 
models based on the monetary approach to 


lOne may note that for the Commonwealth coun- 
tries the British pound acted as a reserve currency. 
However, the pound’s relative world influence vis-a- 
vis the U.S. dollar was small during the Bretton Woods 
period. 
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the balance of payments, three equations 
are specified for each country: a money de- 
mand function, a money supply identity, 
and the condition of monetary equilibrium.” 
The difference between the reserve currency 
country and all other countries lies in the 
money supply identity. To follow through 
the consequences of the differences, the case 
of the reserve currency country is presented 
first, and then the case for other countries. 


I. The Reserve Currency Country 


The model of the reserve currency coun- 
try contains three straightforward equa- 
tions. For simplicity, money demand de- 
pends on permanent real income and the 
price level: 


(1) M4 = k4P4Y, 


where the subscript A stands for the reserve 
currency country, and 


k = constant 
P = price level 
Y = permanent real income 
M = quantity of money demanded 


The reserve currency country’s central bank - 


has the power to determine the nominal 
money stock. Thus 


(2) M!=M 


This money supply equation does not ig- 
nore the fact that the reserve currency 
country operates in the context of inter- 
national markets (i.e., is an open economy). 
Equation (2) implies that the domestic 
money stock of the reserve currency coun- 
try need not be responsive to its balance of 
payments. When money flows from the re- 
serve currency country to the rest of the 
world, that money eventually is purchased 
by foreign central banks, due to their agree- 
ment to buy and sell currency at a fixed 
price. However, foreign central banks do 
not hold the major portion of their inter- 


2There are several articles which summarize the es- 
sentials of the monetary approach to the balance of 
payments. For particular references see Harry Johnson 
(1973, 1976); Jacob Frenkel and Johnson; Frenkel and 
Carlos Rodriguez; Donald Kemp; Putnam; Wilford; 
J. Richard Zecher. 
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national reserves in noninterest-bearing 
form when an alternative exists. In this 
case, the foreign central banks purchase 
government securities from the reserve cur- 
rency country.? Under these conditions, a 
balance-of-payments deficit results in an 
outflow of government securities, but not of 
money. Thus, the central bank of the re- 
serve currency country maintains control 
over the nominal money stock. Further- 
more, the reserve currency country is the 
only country with the power to create in- 
ternational reserves, thereby enabling it to 
remain independent of external influences. 

Finally, the model is closed with the con- 
dition of monetary equilibrium: 


(3) M’ = MS 


Solving this system for the price level and 
converting to growth terms yields 


(4) g(P4) = g(M4) — 8(Y4) 


where g(X) = (dX /dt)/X, for X = P, M, 
and Y. 

Growth of the price level is determined 
by the growth of the money supply relative 
to permanent real income growth. If perma- 
nent real income is growing at a stable rate, 
and is for the most part independent of 
monetary disturbances, then changes in 
nominal income are caused primarily by 
changes in the supply of money—the result 
which Sims obtained for the United States. 
The essential point is that it is not necessary 
to postulate that the United States is a 


3During the Bretton Woods period, when a par- 
ticular central bank received dollars, which it held as 
international reserves, a portion of these dollars, that 
which was not needed for governmental transactions 
demand, were used to buy U.S. government securities. 
That is, the dollars returned to the United States, and 
instead of holding currency, foreign central banks held 
U.S. government securities. Thus, one may equate the 
flow of a dollar from a foreign central bank to the 
United States, not to a loss of international reserves for 
the United States, but to a securities account transac- 
tion between the authorities of the United States and 
the foreign central bank. As such, this transaction 
would be counted in the U.S. official settlements 
balance, since U.S. liabilities to foreign official 
agencies are affected. But, the money supply of the 
United States is not necessarily affected. For a more 
detailed explanation of this point see Kemp (pp. 
17-20); Alexander Swoboda (p. 17); or Lance Girton 
and Dale Henderson. 
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tlosed economy to explain Sims’ results. 
During the Bretton Woods period, the 
jollar played a leading role in world eco- 
10mic activity. However, by serving as the 
‘eserve currency country, the United States 
naintained control over its domestic money 


iupply.. 
II. The Rest of the World 


The asymmetrical properties of the inter- 
1ational monetary system become apparent 
vhen examining the nonreserve currency 
sase. For simplicity, the money demand 
‘unction is unchanged from the preceding 
inalysis: 


5) Mé = k;P,Y, 


vhere the subscript j stands for any non- 
‘eserve currency country. 

With respect to the money supply iden- 
ity, however, there are major differences 
tween the reserve currency country and 
ther countries. In the process of maintain- 
ng fixed exchange rates, central banks will 
ncur inflows and outflows of reserve cur- 
‘ncy assets (i.e., international reserves). 
Because their monetary base depends on the 
isset portfolio of the central bank, the 
salance of payments will directly affect the 
lomestic money supply. That is: 

6) Mj = aH = a(R + D) 
vhere a = the money multiplier 
H = high-powered money, or the 
monetary base 
R = international reserve assets (lia- 
bilities of the reserve currency 
country) 
D = domestic assets held by the cen- 
tral bank 


Dividing high-powered money, which 
nakes up the bulk of the liability side of the 
entral bank’s portfolio, into international 
eserves and domestic assets from the asset 
ide of the portfolio, introduces the effects 
»f the balance of payments directly into the 
noney supply identity.’ This formulation of 


4A detailed explanation of this view of the money 
‘upply. process can be found in Zecher, Kemp, or 
~conall Andersen and Jerry Jordan. 





PUTNAM AND WILFORD: MONEY AND INCOME 425 


high-powered money allows one to focus 
directly upon the sources of high-powered 
money, foreign or domestic. 

The condition of monetary equilibrium 
completes the model: 


©) Mj = Mj 


Solving the system for the international re- 
serve flow and converting to growth terms 
yields 


O Ë gR) = gP) 


+ 8C) - g(a) - 2 ed) 


In this monetary approach to the balance 
of payments, the nonreserve currency coun- 
try’s prices are determined on unified world 
markets and are given exogenously to the 
domestic economy. The balance of pay- 
ments reflects attempts by individuals to 
maintain equilibrium money balances as 
they adjust their expenditures and receipts. 
The endogeneity of the international re- 
serve flow thereby implies the endogeneity 
of the money supply, leading to the con- 
clusion that the nonreserve currency coun- 
try’s monetary authorities cannot determine 
the domestic money stock. 

Two asymmetrical properties of the inter- 
national system are now apparent. First, the 
reserve currency country can control its 
money supply, while other countries can- 
not. Secondly, the reserve currency country 
can influence its price level, while other 
countries must accept prices as determined 
on unified world markets. This holds true 
even though the reserve currency country 
participates in the same world markets. To 
illustrate, suppose from a position of equi- 
librium, the reserve currency country ex- 
pands its money supply. Prices begin rising 
in the reserve currency country and also 
simultaneously in world markets. Other 
countries trading in these markets experience 
a rising price level. Nominal income in- 
creases, and there is an inflow of interna- 
tional reserves as individuals seek to main- 
tain equilibrium money balances. The 
balance-of-payments surplus reestablishes 
monetary equilibrium by expanding the 
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supply of money to meet demand. Now 
suppose that from a position of equilibrium 
a nonreserve currency country attempts to 
raise its nominal money supply. As indi- 
viduals reduce their excess money balances, 
the central bank experiences an outflow of 
international reserves due to residents’ in- 
creased expenditures on foreign goods and 
assets. The loss of international reserves im- 
pacts directly on the monetary base, and the 
money supply moves back toward its initial 
level. International reserve flows equilibrate 
money supply to money demand as deter- 
mined primarily by permanent real income 
and the price level. With prices determined 
on unified world markets and permanent 
real income not directly affected by the 
balance of payments, then essentially, 
nominal income and the money supply are 
simultaneously determined—a_ conclusion 
supported by the empirical findings of 
Williams, Goodhart, and Gowland for the 
United Kingdom? 


HI. Summary 


A fixed exchange rate system in which 
one country serves as the reserve currency 
country has important asymmetrical proper- 
ties. Indeed, only the reserve currency 
country can control its money supply. From 
this property, several implications concern- 
ing the direction of causality follow directly. 
Control of the money supply results in the 
ability to influence the price level, and thus 
nominal income in the reserve currency 
country. Hence, Sims found that causality 
flows from money to nominal income in the 
United States. Furthermore, changes in 
prices and nominal incomes in the reserve 
currency country will simultaneously affect 
conditions in world markets. Individuals in 
other countries, reacting to these changes, 


5The reader should note that the empirical technique 
employed by both Sims, and Williams, Goodhart, and 
Gowland can only indicate causality when leads and 
lags exist among the variables studied. For clarity, no 
attempt has been made to specify these leads and lags 
mathematically, but as the preceding paragraph in- 
dicates, there is a clear presumption as to their 
existence and direction. : 


JUNE 1978 


adjust their portfolios. This adjustment 
process prompts simultaneous changes in 
prices, nominal income, and the money 
stock in nonreserve currency countries. 
Thus, Williams, Goodhart, and Gowland 
found that in the United Kingdom neither 
money or nominal income cause each other. 

Both Sims’ and Williams, Goodhart, and 
Gowland’s investigations covered the Bret- 
ton Woods period, during which the world 
was essentially operating on a dollar stan- 
dard. Given a model highlighting the asym- 
metrical properties of such an international 
monetary system, the apparently inconsistent 
findings by Sims for the United States and 
Williams, Goodhart, and Gowland’s for the 
United Kingdom are instead entirely com- 
patible. 
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Currency Substition, Flexible Exchange Rates, 
and Monetary Independence 


By Marc A. MILEs* 


In the persistent fixed vs. flexible exchange 
rate debate, one of the most common argu- 
ments in favor of flexible exchange rates is 
that they insulate a country’s money supply 
from monetary developments in the rest of 
the world (see, for example, Milton Fried- 
man, 1953; Robert Mundell). Under fixed 
rates such monetary independence is im- 
possible because, by pegging the value of 
domestic currency to foreign currency, the 
central bank makes foreign currency a per- 
fect substitute for domestic currency on the 
supply side. Should the monetary authori- 
ties in country A increase the money sup- 
ply once and for all, the domestic money 
supply would exceed domestic money de- 
mand, and money would immediately flow 
out through the balance of payments. The 
domestic balance-of-payments deficit must 
be matched by a balance-of-payments 
surplus abroad. Thus money supplies 
abroad must also increase, and a: common 
rate of inflation would be observed among 
countries. But perfectly flexible exchange 
rates are assumed to eliminate this source 
of monetary interdependence. Under flexible 
rates the balance of payments is always 
zero, that is, there is no net money flow be- 
tween central banks. Central banks are no 
longer allowed to intervene to guarantee the 
value of their currencies. Thus flexible rates 
make currencies perfect nonsubstitutes on 
the supply side. 

The lack of intervention by the central 
banks and the accompanying elimination of 
the substitution of currencies on the supply 
side in turn is assumed to result in no net 
movements of money among countries at 


*Rutgers College. I would like to thank John Van 
Belle, Arthur Laffer, and William Gasser for their 
help in developing this paper. Useful comments were 
also provided by an anonymous referee. Sarah Biser 
provided research assistance. 
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all and thus complete monetary indepen- 
dence. But this monetary independence 
argument makes the implicit assumption 
that currencies are also nonsubstitutes on 
the demand side, that is, Frenchmen holc 
only francs and Germans only deutsche- 
marks. It is assumed that no foreign cur- 
rency is held by domestic transactors for 
either transactions, speculative or precau- 
tionary purposes. However, in the context 
of the existing international economic en- 
vironment this assumption appears quite 
dubious. Multinational corporations have 
strong incentives to diversify the currency 
composition of their cash balances in order 
to facilitate their endeavors in various coun- 
tries. Even individuals and businesses that 
are clearly domiciled in a particular coun- 
try often have transactions or precautionary 
or even speculative motives for diversifying 
the currency composition of their money 
holdings. Anyone who consistently makes 
purchases from foreign countries has at 
least the same transactions motives for de- 
manding foreign currency balances as for 
demanding domestic currency balances. Im- 
porters and exporters, businessmen who 
travel abroad, tourists, and residents of 
border areas all have incentives to diversify 
their currency balances. By holding foreign 
money, the transactions costs of their foreign 
purchases are reduced. With a significant 
subset of a country’s citizens and businesses 
maintaining diversified currency portfolios, 
the conclusion of independent monetary 
policy no longer appears valid. A change 
in a country’s monetary policy can generate 
an adjustment in the currency composition 
of cash balances and thus an intercountry 
movement of currencies which can offset at 
least part of the policy change. 

In this paper the question of currency 
substitution is examined. In Section I the 
possible mechanisms through which the 
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substitution can occur are discussed. Two 
mechanisms are presented, corresponding 
to whether an increase in the money supply 
causes a drop in the interest rate or a rise in 
inflationary expectations. Section II shows 
the implications of currency substitution on 
the existence of independent monetary 
policies under perfectly flexible exchange 
rates. The conclusion is that where currency 
substitution exists, even perfectly flexible 
rates may not guarantee monetary inde- 
pendence. In Section III a constant elasticity 
of substitution (CES) production function 
for the services of money is used to derive 
a testable model of currency substitution. 
This model is then tested on Canadian data. 
It is found that a high degree of currency 
substitution exists in Canada, especially 
during floating rate periods. The paper con- 
cludes with a summary of the implications. 


I. The Mechanism of Currency Substitution 


The mere ownership of foreign currency- 
denominated balances by domestic resi- 
dents is not a sufficient condition for cur- 
rency substitution to occur. A given amount 
of foreign currency balances may exist 
within the country for institutional or his- 
torical reasons. For currency substitution to 
exist, not only must there be foreign cur- 
rency balances, but the level of these 
balances must change in response to changes 
in other economic variables. Furthermore, 
it is not a necessary condition for currency 
substitution that each individual within the 
country hold foreign currency balances. 
Currency substitution requires only that 
there exist a group of individuals who, given 
the current value of economic variables, 
hold both domestic and foreign currency 
balances and are indifferent at the margin 
between holding more domestic or more 
foreign balances. ’ 

In order to discuss the mechanism of cur- 
rency substitution, assume that such a 
group of individuals exist. These individuals 
may be foreign traders, border residents, or 
even multinational corporations. The im- 
portant characteristic of each, however, is 
that they hold a diversified portfolio of real 
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money balances. While the overall size of 
the real cash balance portfolio will vary 
with the level of real income and the re- 
turns on other types of assets, the composi- 
tion of the portfolio will vary with the rele- 
vant opportunity costs of holding real 
balances of the various types of currencies. 
If the opportunity cost of holding real 
balances denominated in currency A rises 
relative to the opportunity cost of holding 
those denominated in currency B, all of 
these individuals will be assumed to reduce 
their real balances denominated in currency 
A and to increase their holdings denomi- 
nated in currency B. 

The particular aspect of currency substi- 
tution that is of interest here is its effect on 
monetary policy. The discussion of the 
mechanism of currency substitution will 
therefore be in terms of the interaction of 
monetary policy and currency substitution. 
Specifically we will examine whether changes 
in monetary policy change relative costs of 
holding currency and thus induce offsetting 
inflows or outflows of money. 

The model will be assumed to consist of 
two countries A and B, each supplying its 
own domestic currency-denominated money 
asset, Cand Cg, respectively. Both coun- 
tries are assumed to have a group of in- 
dividuals who hold real balances denomi- 
nated in both C, and C} in their cash bal- 
ance portfolios. The ratio in which the jth 
individual holds real balances of the two 
currencies can be described by 


(1) mr) = (C4/¢a); 


where cą = C,4/P, is the level of real 
balances denominated in currency A, and 
r = ig/i, is the ratio of the opportunity 
costs of holding real balances in Cp and C4. 
As r rises, m; is also assumed to rise. The 
model is assumed initially at equilibrium, so 
that each individual’s total demand for real 
balances precisely equals his holdings. Also, 
given the prevailing opportunity costs of 
holding c, and c,, each individual is as- 
sumed to have adjusted his cash balance 
portfolio so that he is just indifferent be- 
tween holding a little more c, or a little 
more Cz. 
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Now suppose that the monetary authori- 
ties of A increase the supply of C,, the sup- 
ply of Cs remaining constant. Following 
Friedman (1969) there are two possibilities 
for this increase, a once and for all increase 
or a change in the rate of increase from zero 
to a positive number. The two possibilities 
will be considered in turn. In both cases it 
will initially be assumed that the entire ad- 
justment to the change in the quantity of C, 
occurs through a change in P,. This as- 
sumption will be subsequently relaxed. 


A. A Once and for All Increase in C, 


Assume, as does Friedman, that the 
monetary authorites of country A unex- 
pectedly decide to perform a once and for 
all increase in the quantity of C, by dump- 
ing from a helicopter additional units of C,. 
For ease of exposition it will be assumed 
that each individual’s cash balances in- 
crease in proportion to his initial holdings. 
If the economy was initially at equilibrium, 
this monetary shock will require adjust- 
ments in order to return the economy to 
equilibrium. In terms of the present model 
possible adjustments of four variables are 
of interest. First, how does the monetary 
shock affect the rate of interest i,? Second, 
how does the change in i, affect desired 
ratios of real balances m? Third, what 
change in P, is required to achieve equi- 
librium? Finally, do changes in the pre- 
ceding three variables cause a redistribution 
of C, between the two countries? Each of 
these questions will be answered in turn. 

If there is a once and for all increase in 
Ca, the real quantity of money assets de- 
nominated in C, increases relative to the 
real value of other assets denominated in 
C,. In order for the additional relative 
amounts of c, to be absorbed, the cost of 
borrowing c, balances must fall. Thus the 
increase in C, causes i, to fall. However, 
since it is assumed that the real value of C, 
and all other assets denominated in C, re- 
main constant, the cost of borrowing cg 
balances remains unchanged. The value of 
ris observed to rise. 

The rise in z makes holding relatively 
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more c, suddenly more attractive. Thus m 


- will also rise. But m does not rise only in 


country A. Since individuals anywhere in 
the world are assumed to face the same op- 
portunity cost of holding real balances de- 
nominated in a particular currency, r rises 
in both countries. Thus the new equilibrium 
must be characterized by a higher value of 
m in both countries as compared to the 
initial equilibrium. 

Two other conditions must also hold in 
the new stock equilibrium. First, in each 
country the supply of C, must be equal to 
the demand for C,. This condition will be 
satisfied when supply of c, equals the de- 
mand for c, in each country. Second, if 
money demand equals money supply in 
each country, then total world demand 
must equal total world supply. These two 
conditions will determine the final rise in 
P, and the distribution of C, among coun- 
tries. 

For example, for total world money de- 
mand to equal money supply, the excess 
world supply of real balances denominated 
in C, must be eliminated. One possibility 
is for P, to rise sufficiently to completely 
eliminate the excess supply in country 4. 
This is the solution suggested by flexible 
exchange rate models. The derivation of 
this solution is the fact that all the increase 
in the supply of C, occurs in country A. But 
while all the increase in supply occurs in A, 
all the increase in demand does not. The de- 
sired value of m rises in both countries, 
implying that at even a constant P, there is 
excess demand for C, in country B. Thus 
while such a rise in P, will eliminate the ex- 
cess supply in A, it will only increase the 
excess demand in B. Since such a price rise 
does not completely eliminate the world ex- 
cess demand for C,, it cannot be the equi- 
librium price rise. Obviously world equi- 
librium requires a smaller rise in P,. But 
with a smaller price rise, there will be ex- 
cess supply of C, in country A. The final 
equilibrium rise in P, will therefore be de- 
termined by where the excess supply of C, 
in A is precisely equal to the excess demand 
for C, in B. 

While the rise in P, is sufficient to deter- 
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mine world equilibrium in the C, market, it 
has not equated the markets within the two 
countries. The inability for changes in P, to 
equate both world and domestic markets is 
caused by the distribution effect that de- 
mand has risen in both countries while sup- 
ply has risen in only one. The only way for 
domestic markets to clear, given the P, 
that creates world equilibrium, is for units 
of C, to flow from country A, where there is 
excess supply, to country B where there is 
excess demand. Thus a once and for all in- 
crease in C, in country A has caused units 
of C, to flow between countries. 


B. An Increase in the Rate of C, Increase 
from Zero to a Positive Number 


Now assume that the monetary authori- 
ties of country A decide to send the heli- 
copter over the country at regular intervals. 
The monetary authorities inform the public 
of this decision and that each trip of the 
helicopter will increase the amount of C, 
by a constant percentage. Again, the changes 
in z, m, P,, and the distribution of C, be- 
tween countries will be of interest. 

In contrast to the once and for all in- 
crease, the decision to increase the supply of 
C, at a constant rate will create expecta- 
tions of inflation which will cause i, to rise. 
The rise in i, will cause r to fall. The fall in 
r will cause the desired m to fall in both 
countries as individuals try to reduce the 
share of real balances denominated in C4. 

The ensuing rise in P} in each period can 
be divided into two parts, the rise in P, 
necessary to maintain the initial level of 
relative real balances in each country and 
the rise in P, that reduces m from its initial 
level. The second source of a rise in P, will 
have a positive value in the first period, and 
a zero value in subsequent periods. For ex- 
ample, consider the first period. The supply 
of C, has been increased in country A. Ig- 
noring for a moment any change in desired 
m, the analysis is very similar to the once 
and for all increase case. The level of P, 
must rise in order to equilibriate the world 
supply and demand for C,. But in order 
for the supply of C, to equal demand in 
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both countries, units of C, must flow from 
A to B. Again the increase in C, causes a 
flow of currency between countries. 

But the expectation of inflation causes i, 
to rise, and m will not remain constant. The 
value of m must fall in both countries. As- 
suming symmetrica] responses, the desired 
level of m will fall by the same percentage 
in the two countries. This adjustment can 
be accomplished by a once and for all rise 
in P, equal to the percentage fall in m. Such 
a rise will reduce c, in both countries by the 
desired amount and will not require further 
flows of C, between the countries. 

So only one of the two rises in P, causes 
net flow of C, in the first period, and the 
flow is again from country A to country B.! 
Furthermore, once the level of m adjusts to 
the level consistent with the expected infla- 
tion, there will no longer be any force creat- 
ing a second source of a rise in P,. In 
subsequent periods P, will adjust only to 
maintain real balances at the initial m level, 
and as has been shown, this adjustment re- 
quires a movement of C, from A to B. Soa 
continuous increase in C, produces off- 
setting outflows of C4 in each period. 


l The analysis has concentrated exclusively on the 
substitution effect of inflationary expectations. How- 
ever, there is another effect, the change in the total 
demand for real balances relative to the total portfolio 
supply. Inflationary expectations on the one hand re- 
duce the total demand for real balances by raising the 
weighted average of the cost of holding real balances, 
a point emphasized in the description of the empirical 
model. On the other hand, inflation reduces the real 
supply of C, in any country holding it. Naturally 
those countries holding c, in the greatest proportion 
will find their supply of real balances reduced by the 
largest percentage. It is at least conceivable that this 
change in total real balance demand relative to supply 
could cause the opposite type of money flow to occur. 
For example, with hyperinflation in country A, the 
large rise in P, will reduce the total value of real 
balances in country A more than any other country. 
If that supply is falling faster than demand, country A 
will have to be a net importer of money, and there 
will be a net flow of money from country B to country 
A, the opposite of the flow described above. In this 
particular case the overall demand for balances will 
dominate the substitution effect. However, while this 
case is possible, in most cases the substitution effect 
should dominate. 
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C. Allowing P, to also Adjust 


Until now it has been assumed that when 
C, increases all the adjustment in the level 
of real balances occurs through a rise in P,. 
However, if currencies are substitutable, it 
is quite possible that at least some of the ad- 
justment can occur through a rise in Pg. 
When C, is increased by the monetary au- 
thorities in A, the overall level of real 
balances in the world is increased above the 
level of world demand. To this point it has 
been assumed that the overall level is re- 
duced back to an equilibrium level by 
lowering only c,. But lowering c, through a 
rise in Pp also has this desired effect. In ad- 
dition lowering c, can also have the desired 
effect on m. For example, in the case of the 
once and for all rise in C,, a rise in P, will 
help to cause m to rise to the desired level 
and P, will not have to rise as much as in 
the previous case. 


II. Implications for Flexible Exchange Rates 
and Monetary Independence 


Once the assumption of currency substi- 
tution on the demand side is introduced, the 
conclusion that perfectly flexible exchange 
rates imply independent monetary policy 
begins to evaporate. As shown above, cur- 
rency substitution in demand produces 
flows of money and changes in price levels 
that are not consistent with the traditional 
flexible exchange rate model. When the 
monetary authorities of A increase the sup- 
ply of C4, rather than the entire increase re- 
maining within country A and P, adjusting 
to eliminate the damestic excess supply of 
real balances, some units of C, are redis- 
tributed through private markets to country 
B. The effects of the monetary policy are no 
longer internalized within A. Without any 
intervention by governments of either coun- 
try A or country B, the nominal money sup- 
ply also rises in B. 

Once possible changes in P, are intro- 
duced, the implications become even more 
obvious. As long as c, and cx are substi- 
tutes in demand, a rise in C, can cause not 
only P, to rise, but also Pg. Thus inflation 
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is transmitted between countries without 
having to assume any government inter- 
vention in the foreign exchange market. 
Yet transmission of inflation is precisely the 
type of phenomenon from which flexible 
rates are assumed to insulate a country. 

The degree to which inflation will be 
transmitted between the countries will of 
course be proportional to the degree of 
substitution between currencies. The limit- 
ing case is where c, and cp are perfect sub- 
stitutes. In that case there is the equivalent 
of one world currency, just as when central 
banks make currencies perfect substitutes 
on the supply side by fixing exchange rates. 
In that case no distinction can be drawn 
between either c, or cg, or between P, or 
P,. An increase in the nominal money sup- 
ply in either country will increase the real 
balances used in both countries and cause 
the price level in both countries to rise by 
precisely the same amount. The degree of 
substitution in demand between currencies 
therefore becomes an important empirical 
question. 


II. An Empirical Model of 
Currency Substitution 


For the most part the concepts of cur- 
rency substitution and the diversification of 
cash balances have been ignored in the 
literature. Two exceptions, however, are 
Ronald McKinnon and Chow-Nan Chen. 
McKinnon argues that under a system of 
floating exchange rates, in order to facilitate 
the international flow of commerce, the de- 
mand for dollars and all other currencies in 
which international transactions are con- 
ducted would increase. Chen goes even 
further. He has a model which explicitly in- 
corporates the demand for more than one 
currency and recognizes that the relative de- 
mand depends on the relative opportunity 
costs. Furthermore, he understands the 
basic implication of currency substitution, 
concluding that flexible exchange rates may 
no longer provide a cushion against foreign 
shocks. The problem with the Chen model, 
however, is in the demand for money func- 
tion. Chen assumes a Cobb-Douglas de- 
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mand function, which unfortunately con- 
strains the elasticity of substitution to equal 
one. From the above discussion it should be 
obvious that a very important empirical 
question is the precise value of this elas- 
ticity. The Chen model therefore cannot be 
accepted without considerable empirical in- 
vestigation. 

Instead the functional form to be esti- 
nated is derived from a procedure similar 
70 one employed by V. Karuppan Chetty. 
Real balances, denominated in terms of 
90th domestic and foreign currencies, from 
an individual’s cash balance portfolio are 
combined in a production function for 
money services. Given the relative ef- 
ficiencies of domestic and foreign currencies 
in producing money services (defined by 
the production function) and the relative 
opportunity costs of holding different cur- 
rencies (reflected in the asset constraint), 
che individual tries to maximize the pro- 
duction of money services. 

More specifically, if a CES production 
function is assumed, the level of money ser- 
vices produced by M,/P, domestic currency 
real balances and M,/P, foreign currency 
real balances is 


f MS _ n Ma)” ax MA” —=(1/p) 
2) P, ENP, 2 P, 


MS = level of money services 
M,,M, = the domestic currency- and 

foreign currency-denominated 
cash balances held 

Pa, P; = domestic and foreign currency 
price indices 

a,,Q@, = weights reflecting the efficiency 
of domestic and foreign real 
balances in producing money 
services 


This production function directly relates the 
evel of real balances to the level of money 
services, Notice that since real balances in 
both currencies are in goods units, there is 
no need for an exchange rate. However, for 
empirically estimating this relationship, it is 
desirable to express the production func- 
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tion in terms of nominal cash balances and 
exchange rates. Defining the exchange rate 
ase = P,/P,from purchasing power parity, 
and since P, and P,are indices, after defin- 
ing P, = 1, equation (2) becomes 


(3) MS = (a, M7? + a, eM 7?) 0» 


The asset constraint for money balances 
is constructed to reflect two factors: (a) that 
there is an opportunity cost to holding real 
balances, and (b) this opportunity cost may 
differ between the two types of real balances. 
The overall portfolio of the nonbank pri- 
vate sector of the country is assumed to 
consist of holdings of all types of real as- 
sets, only one of which is money. In 
constructing that portfolio, desired amounts 
of each of these assets are determined. Once 
the demand for each individual asset has 
been determined, asset constraints for each 
asset can be constructed. The asset con- 
straint in this paper reflects such an asset 
demand. It is assumed that in determining 
the composition of the overall portfolio, the 
private sector decides to hold M, real cash 
balances. These cash balances are then 
divided between M,/P, domestic currency- 
denominated real balances and M,/P, 
foreign currency-denominated real balances 
on the basis of the relative cost of holding 
these different types of balances (reflected in 
the asset constraint) and their relative ef- 
ficiencies in providing money services (re- 
flected in the production function). 

The asset constraint is of the form 





M M M 
4 2 = (1 + iu) +A i 
@) Sta Fd tid G 
where i, and i, are the interest rates on do- 
mestic and foreign currencies balances, re- 
spectively. In terms of nominal balances 
and exchange rates equation (4) becomes 


(5) M, = M,(1 + ia) + eM,Q + iy) 


The asset constraint reflects the fact that M, 
is the total money assets that must be held 
to provide the money services of M, and 
eM, money assets. If for example the money 
balances are borrowed each period, since it 
costs M,-i, and eM,» i, to borrow M, and 
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eM, balances, respectively, a total of 
M,(i + i,) and eM,(1 + ip) money balances 
must be held in order to pay off the loans at 
the end of the period. 

Maximizing the production function sub- 
ject to the asset constraint provides the 
following marginal conditions: 


(6) aMS/a@M, = (1 + iy) 
(7) aMS/4M, = (1 + i,) 
(8) M, = M,(i + iz) + eM,( + i) 


where À is the Lagrangean multiplier. Divid- 
ing (6) by (7) relates the relative marginal 
productivities of the two types of balances 
to their relative prices: 


a, [M YOP L4+i 
@) aže) = 
a, \eM, 1+, 


Taking the logarithm of both sides, re- 
arranging some terms and adding a distur- 
bance term provides the functional form for 
the estimation: 


M, l 
2 108 M, l+p 
T E ( a +u 

l+p l+ i 
This functional form allows not only the 
direct estimation of the elasticity of sub- 
stitution between domestic and foreign cur- 
rency balances (o = (1/1 + p)), but it also 
permits the estimation of the ratio of the 
coefficients a, and a,. Close substitution 
between the two types of currency can be 
reflected in two ways. One way is to have a 
high elasticity of substitution between the 
two assets. Another indication of close sub- 
stitution is similar values of a, and a,. Re- 
call that the a values represent the efficiency 
of different money assets in providing 
money services. If foreign and domestic 
money are perfect substitutes, they should 
be equal in providing these desired ser- 
vices, and thus the ratio a,/a, should be 
equal to one. So once the value of o has 
been directly estimated as the coefficient of 
the log (1 + i,)/(1 + i4) term, the value of 
a,/a, is computed from the constant term 





log (a; /a2) 
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Cas 


(11) a,/a = exp (C/o) 

The model is estimated for Canada using 
equation (10). Quarterly data on Canadian 
holdings of U.S. dollar (US$) and Canadian 
dollar (C$) balances are used as the foreign 
and domestic currency money balances, 
respectively. Canadian dollar balances are 
defined as currency and privately held 
deposits in Canada. The U.S. dollar bal- 
ances are a sum of U.S. dollar liabilities of 
both U.S. and Canadian banks to non- 
official, nonbank Canadians. These US$ 
liabilities are then converted to the equiva- 
lent C$ amount using the current end of 
period exchange rate. 

The opportunity cost of US$ and C$ bal- 
ances is measured by the yield on U.S. and 
Canadian Treasury Bills, respectively. It is 
assumed that the yield on these short-term 
notes closely reflects the cost of borrowing 
money. However, since the yields on these 
securities are reported on a slightly different 
bases, the U.S. Treasury Bill rate is first 
converted to an equivalent basis to the 
Canadian Treasury Bill rate. 

The results of estimating (10) over the 
period 1960IV-1975IV are 


(12) log (C8/US$) = 
2.56 + 5.43 log (te) 


(18.0) (2.59) \I+ ic 
R? = 0.78 F(1.58) = 215.6 
Rho = 0.88 D.W. = 1.44 


In order to eliminate the presence of first- 
order autocorrelation in the residuals of the 
initial ordinary least squares equation, this 
equation was estimated using a Cochrane- 
Orcutt procedure. The estimated value of 
the elasticity of substitution is large at 5.4. 
It is significantly different from zero at the 
99 percent level (two-tailed test), and also 
significantly different from one at the 95 
percent level. Thus the hypotheses that 
foreign and domestic currencies are non- 
substitutes or that the Cobb-Douglas is the 
proper money services production function 
can both be rejected. 

The alternative measure of substitution is 
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TABLE 1—ESTIMATES OF THE ELASTICITY OF SUBSTITUTION DURING 
SUBPERIODS OF FIXED AND FLOATING EXCHANGE RATES 














Exchange Type of Elasticity 
Rate Equa- Constant of Substi- 
Subperiod Regime tion Term tution R? DW. F Rho 
1960IV-1962I] Floating OLSQ 2.78 12.8 0.48 1.66 6.47 
(50.8) (2.54) 
1962III-19701]_ Fixed CORC 2.31 2.66 0.78 1.41 1074 09 
` (12.7) (0.79) 
19701I11-1975IV_ Floating CORC 2.79 5.78 0.79 1.27 740 0.8 
(16.1) (1.83) 





Note: t-statistics in parentheses. 


Source: Treasury Bulletin and Statistical Summary, Annua! Suppl. 


:o compute the ratio of the efficiency coeffi- 
cients from the estimated coefficients. This 
srocedure will provide a measure of whether 
5.4 is sufficiently close to infinity. If U.S. 
ind Canadian dollars are equally efficient 
n providing monetary services to Cana- 
lians, the ratio should equal one. 

The initial test on the ratio of the coeffi- 
tients is to examine the t-statistic on the 
zonstant term of the regression. If a,/a, 
2quals one, the logarithm of the ratio will 
qual zero and the constant term should not 
oe significantly different from zero. How- 
2ver, the significant t-statistic indicates that 
the value of the ratio is not precisely one. 
An actual estimate of the value of the ratio 
s obtained by substituting values from (12) 
nto (11), yielding a, /a, = 1.60. From this 
value it can only be concluded that U.S. 
ind Canadian dollars are not perfect substi- 
‘utes for the entire period. 

This estimating procedure is repeated for 
three subperiods. For the purposes of this 
analysis it is fortunate that Canada has ex- 
yerienced periods of both fixed and floating 
‘ates. The values of the elasticities of sub- 
ititution under the different exchange rate 
‘egimes can now be estimated. Two possible 
1ypotheses concerning these values arise. 
Dne hypothesis states that the only reason 
hat the elasticity of substitution was high 
‘or the period as a whole was that for a sig- 
lificant subperiod the exchange rate of 
canada was fixed. The Bank of Canada was 
willing during this subperiod to exchange 
Canadian dollars for U.S. dollars, and all 
che elasticity of substitution was measuring 


was the substitution on the supply side dur- 
ing this subperiod. This hypothesis would 
be consistent with high values of elasticities 
of substitution during fixed rate periods and 
low values during floating rate periods. 

The second hypothesis has just the op- 
posite conclusion. It states that during pe- 
riods of fixed rates the public does not have 
to substitute between currencies in private 
markets since the government is already 
making currencies perfect substitutes on the 
supply side. Alternatively, during floating 
rate periods the public will have to resort 
to performing all of its substitution through 
private markets. This hypothesis would be 
consistent with low or insignificant esti- 
mates of the elasticity of substitution during 
fixed rate periods when the substitution 
mechanism is not needed, but large esti- 
mates during the floating rate periods. 

Canada was on floating rates until May 
2, 1962, and returned to floating rates on 
June 1, 1970. The subperiods examined 
were therefore 1960IV-1962II (floating), 
196211I-197011 (fixed), 1970IIJ-19751V 
(floating). The results are presented in 
Table 1. The most striking difference be- 
tween the subperiods is that in subperiods 
where the exchange rate was floating the 
estimate of the elasticity of substitution is 
larger and statistically significant, while in 
the subperiod where the exchange rate was 
fixed, the estimated coefficient is smaller 
and insignificantly different from zero. For 
example, in the first subperiod where the 
exchange rate was floating the estimated 
value of o is 12.8, and that value is sig- 
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nificantly different from both zero and one 
at the 95 percent level (one-tailed test). 
Similarly, in the final subperiod where the 
exchange rate was again floating, the esti- 
mated value of o is 5.8, and that value is 
significantly different from zero at the 95 
percent level and from one at the 90 percent 
level. In contrast the estimated value of e 
for the subperiod where the exchange rate 
was fixed is less than half the value in any 
other subperiod or the period as a whole. 
In addition, the coefficient is not signifi- 
cantly different from zero at even the 90 
percent level. Not surprisingly the ratio of 
the efficiency parameters exhibit a similar 
pattern with estimaies of 1.2 and 1.6 in the 
first and second floating rate periods and 
2.4 in the fixed rate period. 

The results from analyzing the subpe- 
riods are therefore consistent with the 
second hypothesis and not the first. The 
large significant elasticity of substitution for 
the period as a whole does not seem to be 
the result of substitution during the fixed 
rate subperiod, but rather during the float- 
ing rate subperiods. The concept of substi- 
tution between U.S. and Canadian dollars 
by private Canadians appears to be statis- 
tically valid when the Canadian government 
is not performing that service for them. The 
results are even more impressive when one 
considers that the above data have not even 
included holdings of U.S. dollar-denomi- 
nated Eurodollars, whose elasticity of sub- 
stitution with respect to Canadian dollars 
could quite possibly be even higher. 


IV. Summary and Implications 


In this paper it has been argued that 
there exists a group of individuals within a 
country who diversify their real cash bal- 
ance holdings between domestic and foreign 
currency-denominated balances. These 
diversified portfolios imply that monetary 
policy will produce changes in the interest 
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rate that induce offsetting money flows even 
under perfectly flexible exchange rates. 
The importance of these offsetting flows 
will be directly proportional to the degree 
of substitution between currencies. In the 
case where currencies are perfect substitutes 
monetary independence is impossible, even 
where central banks do not intervene in the 
foreign exchange markets. 

Thus the argument that flexible exchange 
rates imply monetary independence is 
brought into question. Only to the extent 
that individuals do not substitute between 
currencies will the argument be valid. As 
the empirical tests show, the elasticity of 
substitution in at least one major country 
is quite high. The proper model for analyz- 
ing monetary policy may therefore be one 
of monetary dependence, not monetary in- 
dependence, even when perfectly flexible ex- 
change rates are assumed. 
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The Pure Theory of the Muggery 


By PHILIP A. NEHER* 


Dear Old Friend: As you have doubt- 
less observed, it has been many a week 
now since I last stepped out of the 
shadows, put the barrel to your ribs 
and divested you of cash, trousers, and 
credit cards. You have probably asked 
yourself, “Where is my faithful old 
stickup man, John? Doesn’t he like me 
any more?”’—The truth is, sir, that I’m 
terrified you'll take it amiss and move 
out of New York if I overwork my 
welcome. 

John 
[Quoted in Russell Baker’s column, 
New York Times, December 9, 1975] 


individual mugger.' Over-mugging can oc- 
cur for the same reasons as over-fishing. 

I shall explore this analogy in subsequent 
sections. First, a dynamic model of an un- 
controlled muggery is developed. It gener- 
ates a rich variety of time-path solutions 
which may help explain the diverse experi- 
ence of different urban areas in generating 
mugging activity. Second, I employ modern 
capital theory to demonstrate an incentive 


to organize and control the muggery. Fi- 


The muggery is a geographic place where _ 


muggers and muggees transfer wealth from 
the latter to the former. Such transfers in- 
volve the allocation of time and money, so 
it seems natural to view mugging as an 
economic activity with the agents on both 
sides maximizing subject to constraints. By 
taking this approach, I follow Thomas C. 
Shilling, Gary Becker, Isaac Ehrlich, and 
others who have brought traditional tools 
of economic analysis to bear on the under- 
standing of criminal activity. 

There is a related literature which is also 
relevant. I observe that the muggery has 
two features in common with the open sea 
fishery. 

(1) Muggers and muggees stand in a fun- 
damental predator-prey relationship to each 
other just as fisherman and fish. 

(2) As prey, muggees are a common prop- 
erty resource from the point of view of an 


*University of British Columbia. I wish to thank 
G.C. Archibald, C. Blackorby, D. J. Donaldson, B. C. 
Eaton, S. Q. Lemche, K. Nagatani, and A. D. Scott 
for their comments on an earlier version. Usual 
disclaimers. Financial support of the Canada Council 
is gratefully acknowledged. 


437 


nally, I suggest some extensions of the anal- 
ysis to other forms of economic activity. I 
conclude by asserting that allocative ineffi- 
ciencies associated with common property 
may be widespread and important in enter- 
prise economies. 


I. The Free Entry Muggery 


To set the scene, consider an urban area 
where people normally walk the streets in 
possession of mobile wealth: money, 
watches, jewelry, and the like. These people 
are potential muggees, henceforth b’s. The 
fact that b’s voluntarily frequent the mug- 
gery is evidence that they derive benefits 
from doing so: travelling to and from work, 
shopping, seeking entertainment, and so on. 
On the other hand, they are deterred from 
entry by. their apprehension of being 
mugged and relieved of wealth thereby. 

Muggers, henceforth a’s, are attracted to 
the muggery by the prospect of potential 
wealth transfers in their favor. But to en- 
gage in mugging entails the cost of foregone 
leisure and of earnings in other activities. 
These costs arise because the act of mug- 
ging takes time to search, hit, and avoid 
capture, and because of possible arrest and 


'The classic articles on fishery economics are by 
Anthony Scott and H. Scott Gordon. For a recent and 
accessible bibliography, see Colin Clark and Gordon 
Munro. 
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incarceration. 

In short, both a’s and b’s incur both 
benefits and costs from participation in the 
muggery.? The difference I shall refer to as 
“profit.” 

Following Vernon Smith I assume that 
a’s and b’s will increase in numbers if the 
respective benefits of participation in the 
muggery exceed the costs. That is, “firms” 
will enter an “industry” in response to in- 
dustry profits. 

Formally, entry and exit is described by a 
system of differential equations? 


(la) Da = F(a,b) 
(1b) Db = G(a,b) 


where D denotes the first time derivative. 
The flow of a and b in and out of the mug- 
gery depends on the stocks of both a and b. 
I now specify the nature of those depen- 
dencies in terms of the first- and second- 
order partial derivatives of F( ) and 


GC). 


u 


A. Muggers 


Set the number of b’s at some arbitrary 
number, b = by > 0. Then conduct a con- 
ceptual experiment. How will total mugging 
profits vary, and thus the entry of a’s vary, 
as the number of a’s increase from zero? If 
a is zero, then total revenue, costs, and 
profits are zero. Adding a’s, more of them 
mean more successful hits and more reve- 
nue, along with rising total costs. But it is 
reasonable to assume that marginal revenue 
falls as successive a’s prove less adept at 
mugging. Likewise, one would expect mar- 
ginal opportunity costs to rise as successive 
a’s abandon more valuable leisure and 
higher paying occupations elsewhere. 


2Throughout this paper, I shall assume that a’s and 
b’s are two distinct groups. Cross overs do not occur. 
Ido this to avoid facing up to difficult problems of 
occupational choice. I shall also assume that a’s do 
not mug a’s. 

3The functions F( ) and G( ) are really profit 
functions. But through an appropriate choice of profit 
measurement units, I can use them to denote the speed 
of entry and exit as well. 
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Taken together, falling productivity and 
rising costs would seem to ensure diminish- 
ing marginal profits as more of a is added. 
A cross section of the profit functions, with 
b = bo, appears in Figure la to illustrate 
these considerations. 

Next, set the number of a’s at some ar- 
bitrary number, a = a) > 0, and vary the 
number of 6’s. For small numbers of b’s, 
profits are negative because the opportunity 
cost of search looms large compared with 
revenues from the occasional hit. On the 
other hand, large numbers of b’s provide 
“safety in numbers” through “help thy 
neighbor” effects and through organized 
law enforcement (police) efforts which can 
take advantage of economies of scale. 
Taken together, these effects would seem to 
ensure negative profits for high 6 densities. 
Figure 1b illustrates these considerations. 

Information contained in Figures la and 
1b is depicted in Figure 1c. The profit func- 
tion appears to be shaped like a truncated 
“dome” and, in the usual way, one can plot 
iso-profit lines by passing level surfaces 
through the dome parallel to the ab plane, 
intersecting the Da image. Everywhere 
within the shaded area Da = F(a,b) > 0. 
Outside, Da = F(a,b) < 0. In between 
these areas, Da = F(a,b) = 0. These are 
the zero profit and zero growth combina- 
tions of a and b. Arrows denote the move- 
ment of a elsewhere. 


B. Muggees 


Set b = b > 0 and vary a. How will 
muggee profits, and thus the growth of b’s, 
be affected? Taking benefits to be unre- 
lated to the number of a’s, profits will fall as 
more a’s impose additional costs on the b’s. 
This is illustrated in Figure 2a. 

Next, set a = a > 0 and vary b. As b’s 
increase, total benefits can be expected to 
increase, at least up to some point where 
“crowding effects” reduce local environ- 
mental quality. Total costs will increase as 
the given number of a’s make more hits. 
Taking these considerations together, it is 
difficult to know how the number of b’s af- 
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G(a,b)<O 
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G(a,b}=0 
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FIGURE 3 


fects the growth of 6’s. To preserve sim- 
plicity, I shall assume a monotonic positive 
relationship: more b’s encourage the growth 
of b’s. This relation is illustrated in Fig- 
ure 2b. Casual empiricism suggests that it is 
appropriate for a wide range of urban ex- 
perience which I want to investigate. 
Figure 2c combines information from 
Figures 2a and 2b. 

The dynamics of the muggery can now be 
investigated. Figures lc and 2c are super- 
imposed in Figure 3 where the motions of d 
and b are depicted by arrows and specimen 
trajectories. , 

Evidently, a variety of qualitatively dif- 
ferent experiences are possible. Look first 
at possible singular points (where Da = 
Db = 0). Two possible Db = 0 lines are 
depicted: one is broken, the other is solid. 
Between points A and B in Figure 3 the 
slope of the Db = 0 line exceeds the slope 
of the Da = 0 line, the roots of the system 
are real, so singularities are saddlepoints. 
Moving clockwise past point B, the roots 
become imaginary. At first F, + G, may be 
negative, due to F, being more negative 
than G, is positive, so singularities are 
stable foci. Continuing clockwise, F, is be- 
coming larger. At point C, F, + G, equals 


JUNE 1978 


zero and the singularity is a center. Past 
point C, F, + G, is positive but the roots 
remain imaginary, giving rise to. unstable 
foci. 

Consider next possible initial conditions. 
These, along with information on the sin- 
gularities, permit construction of a variety 
of trajectories which illustrate different 
histories of the muggery. For the most 
part, I leave this task to the reader, but 
certain classes of outcomes seem worthy of 
comment. 

A. A sufficiently high density of b’s 
relative to a’s will eventually result in all 
the a’s being driven out. Initial conditions 
lying above stable arms between A and B 
are sufficient for this to occur.* The broken 
xx curve is an example. Initially “safe” 
areas become even safer. I call this the 
“Scarsdale effect.” By extension, one can 
imagine areas which are safe, or not, de- 
pending on the time of day. The theatre 
district in New York City is reported rela- 
tively free of mugging when theatre goers, 
presumably ’s, are dense. 

B. Suppose G(a,0) <0. Then any 
trajectory intercepting the a axis will even- 
tually result in the elimination of a’s as well 
as b’s. The broken yy curve is an example. I 
call this. the “Dallas effect.” Virtually no 
one walks the streets so it does not pay a’s 
to search out the occasional b who, as a 
consequence, is perfectly safe. 

C. Oscillations about a stable focus 
can culminate in an equilibrium muggery 
with relatively high crime rates. The a’s and 
the b’s have reached an accommodation 
with each other. No person perceives it to 
his advantage to move into or out of the 
muggery. 


II. The Controlled Muggery 


Even the casual mugger could not fail to 
be impressed with the fact that his own suc- 
cess is affected by the activities of other 
muggers. If the muggery is truly competi- 


4Some exogenous constraint, not imposed here, is 
clearly required to put an upper bound on b density. 
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tive, external effects imposed by any one 
mugger on any one other are, of course, 
small. But taken together, competitive 
muggers will reduce their total profits to 
zero. This is the classical rent dissipation 
solution observed in the uncontrolled 
fishery by Scott and by Gordon. 

Each competitive mugger will regard po- 
tential muggees as a common property re- 
source. If property rights are not assigned 
and enforced, potential rents will be dis- 
sipated. The tragedy of the commons can 
characterize the muggery as well as the 
fishery. 

Consider a single act of mugging. The 
mugger knows that the act reduces his 
own chances of future success since the 
muggee is taken, at least temporarily, out 
of the prey population and, in the long run, 
can be expected to take more permanent 
evasive action. Moreover, the act is a signal 
to other potential muggees that they too 
could be victims. These effects will be 
taken into account by the individual mug- 
ger insofar as they bear on him. But the 
individual will not care that his own ac- 
tivity reduces the success that could have 
been enjoyed by others in the future. The 
consequent ‘‘inefficiency”’ is an incentive to 
organize the muggery: to internalize these 
external effects by establishing property 
rights over the muggery. 

Assume that the muggery manager 
wishes to maximize the discounted sum of 
profits (wealth transfers minus costs) over 
time. 


(2) max J = fe F(a, bye" at 
0 


In this formulation, F( ) is drawn from 
(la), T < + œ is the manager’s time hori- 


5The prefatory quote suggests quite the opposite. It 
is clear that John thinks of himself as having some 
monopoly over the mugging of Russell Baker. John 
is, I presume, a competitive mugger but, apparently, 
an imperfect one. John’s sense of husbandry is im- 
puted to a muggery manager in this section. 

6 The analogy to the fishery breaks down here. I do 
not believe that fish learn from the experience of other 
fish. 
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zon, and r is his discount rate.’ To solve the 
maximizing problem, the manager will be 
concerned not only with the current flow of 
profits F( ), but also with the imputed 
value at the shadow price (p) of invest- 
ments made in the stock of muggees (b). 
These considerations are captured in the 
present value Hamiltonian which represents 
the value of “consumption” plus “‘invest- 
ment.” 


(3) H 
(ib) Db 


E-"(F(a,b) + p+ Db) 
G(a, b) 


Equation (lb) is now recognized as the 
dynamic constraint facing the manager. He 
knows and cares that.G, < 0 and G, > 0, 
from Figure 2. It is precisely these effects 
which are collectively disregarded by free 
entrants, but which are crucial to the man- 
ager. One suspects, and it turns out to be 
the case, that the manager will assign a 
positive shadow price p to Db, while a free 
entrant will not. There will be a conflict of 
interest between managed muggers and in- 
terlopers. The former will enjoy a rent 
which the latter would like to capture. 

To solve the maximizing problem posed 
by (2), the manager should first arrange to 
manage that which he can. In this case, I 
assume the manager can costlessly control 
the number of a’s. He should adjust a at 
every point in time to maximize (3). Assum- 
ing a regular interior maximum, he adjusts 
aso that H, = 0, or 


(4) F, = p-(-G,) 


The addition to current profits by taking 
on another a is F,. But by doing so, some 
b’s escape, as denoted by G,. Each b has a 
value p. Thus (4) is the usual hiring condi- 
tion: current gains and losses should bal- 
ance at the margin. 

Having discovered in (4) that p matters, 


7]t is not clear how T and r are determined. If the 
muggers are organized as a democratic worker- 
managed firm, then both T and r will depend on the 
demographic characteristics of the workers. See Irving 
Fisher and the author. 
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the manager would like to know how to as- 
sign its value. Recognizing that b is capital, 
and p is its price, the manager simply ap- 
plies the zero net profit condition D(e""p) = 
—H, or 


(5) Dp+F,+p-G,-r-p=0 


Taken together, the first three terms are 
the marginal net benefits of having mug- 
gees, a form of capital, in the muggery. The 
first represents capital gains. The second 
term is the value of the marginal contribu- 
tion of b’s to the marginal profits reaped 
by the a’s. The third is a physical apprecia- 
tion (negative depreciation) term. Since G, 
is positive, p+ G, is the value contribution 
to a’s profit of having another b to mug. 
The fourth term is the marginal rental 
price of muggees. 

In terms of conventional capital theory, 
(5) states the optimal usage of b requires 
that the value of capital gains, p/us the value 
of capital’s marginal production, minus 
physical depreciation, minus rental charges 
must equal zero. The final condition is the 
requirement that the dynamic constraint 
(1b) be observed. 

Equations (4), (5), and (1b) are in the 
form 


(+) 0 = f(p,a,b) 
(5°) Dp = g(p,a,b) 
(1b’) Db = h(p,a,b) 


By solving for a in (4’) (by virtue of the 
implicit function theorem), and then sub- 
stituting its value into (5') and (1b’), one 
obtains 


(6a) Dp = j(p,b) 
(6b) Db = k(p,6) 


Equations (6) are autonomous of time, so 
that the well-developed theory of plane 
autonomous systems can be utilized to un- 
derstand the motion of the controlled mug- 
gery. The addition of appropriate initial 
and terminal (or transversality) conditions 
could close the system. 

Instead of exploring the implications of 
(6) in detail, I want to focus on properties 
of the stationary state, where capital gains 
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have withered away (Dp = 0) and the 
muggee population has stabilized (Db = 0). 
In that state, (5) can be written 


F, + G,- 
(7) ell Baad a Aa 


r 
The shadow price of an additional muggee 
is the capitalized value of its net marginal 
benefits. 

It is now easy to expose the economic 
meaning of overmugging if a's have free 
access to b’s. The uncontrolled a has but 
small concern for the consequences of his 
activities on the population of b’s. From his 
point of view, a foregone hit may be cap- 
tured by somebody else.’ He thus has little 
incentive to husband the b resource by 
placing a shadow price p on its increase. He 
values the future of b’s not at all. 

In terms of (7), this lack of concern can 
be captured by an infinitely large discount 
rate. Letting r get indefinitely large, p must 
get indefinitely small. The free access mug- 
gery, in this sense, will be simulated by a 
controlled access muggery whose manager 
cares not about the future.? 

But if the a’s can organize and establish 
property rights over the b’s, the muggery 
can support more of both. Moreover, the 
greater is the sense of husbandry that the a’s 
feel for the b’s (the lower is 7), the more 
each will flourish. 

Contemplating these results, should so- 
ciety prefer competitive, free entry, mug- 
ging over the same activity organized by a 
far-sighted manager? The question is com- 
plex and I hesitate to comment. But one 
judgement is easy to make. If one places a 
sufficiently high value on having viable 
urban neighborhoods, organized mugging 
is to be preferred. Well-organized and 
managed muggers will not drive their prey 
to extinction and legitimate economic ac- 
tivity will survive. If this is desired, police 


8This attitude can motivate “forestalling” be- 
havior in the exploitation of many natural resources 
where property rights over them are not assigned and 
enforced. One forestalls his competitors by getting 
there first. 

See Stephen Chung and Clark. My results are 
consistent with theirs. 
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might actually encourage ‘neighborhood 
gangs” by reducing the transactions costs 
of organizing (by subsidizing “youth cen- 
ters,” for example) and by helping to erect 
and maintain barriers to entry. 

But if the muggery is controlled, there 
are not only more muggees, but also more 
muggers. Acts of muggery will be more fre- 
quent. These results are consistent with 
those already well established in the fishery 
literature. A controlled fishery supports 
more fish and fishermen, and more fish are 
captured. But the social value of having 
fished a fish is less ambiguous than the 
value of having mugged a muggee. People 
do not assign equal welfare weights to 
people and fish. However, muggers and 
muggees are both people, and while one 
might well be agnostic about wealth trans- 
fers between them, the concomitant poten- 
tial violence is surely to be deplored. More- 
over, organized gangs are typically 
multiproduct firms. One might welcome 
control of some of their activities while de- 
ploring it in others. 


IIX. Extensions 


The muggery is naturally understood as 
an institution where predator-prey relation- 
ships are important, and where questions 
of allocative efficiency associated with com- 
mon property can arise. But these char- 
acteristics extend to other forms of eco- 
nomic activity: legal and illegal, market and 
nonmarket. I want to suggest that many 
of these can be better understood in the 
predator-prey context. 

Put another way, in what circumstances 
would one not want to deploy our under- 
standing of predator-prey relationships and 
possibly associated common property diffi- 
culties, to analyze economic activity? I 
think that the only sure ground is to be 
found in the Kenneth Arrow and Gerard 
Debreu world of perfect and complete mar- 
kets, which are organized by an unpaid 
auctioneer. In that world, there are no mar- 
ket failures. Property rights are assigned 
and (costlessly) enforced. In other circum- 
stances, the predator-prey model applies, 
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with a force depending on the degree of 
market failure. Consider some examples. 


A. Computer Crime 


Mr. Smith is a clever but dishonest com- 
puter programmer. He discovers a method 
to get his Book-of-the-Week Club to write 
him checks by punching appropriate holes 
in his weekly IBM card. If Mr. Smith, and 
his method, are found out, then similar 
crime becomes more difficult not only for 
Mr. Smith, but also for others, as his book 
club takes evasive action. As a predator, 
Smith makes criminal activity less profit- 
able for other potential predators. He has 
no incentive to take this external effect into 
account. Other forms of illegal activity 
which involve true victims are characterized 
by similar externalities. An illegal act will 
alert potential victims who consequently 
undertake to protect themselves not only 
from the original predator, but also from 
persons with similar intent. 


B. Wolf Cub Bottle Collections 


In this case the Cubs are the predators and 
households having bottles to collect are the 
prey. Free entry bottle collecting would 
entail multiple canvassing and consequent 
waste of Cub time. The analogue to the 
fishery goes through intact: a collected 
bottle is a fished fish. Optimal bottle col- 
lecting requires centralized control. 


C. The Household Encyclopedia Market 


The second-hand market for home en- 
cyclopedias is notably bad or, to say the 
same thing, the rental market for encyclo- 
pedia services is not well-developed. If a 
household buys an encyclopedia from one 
salesman, it has been fished out from the 
point of view of other salesmen. This is a 
“thinning” effect which is recognized in the 
fishery as a technological externality. To 
discover it in a conventional market may 
seem a bit odd. But just as in the computer 
crime and in the bottle collecting, the 
analogy to the fishery goes through. Again, 
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efficiency seems to call for centralized con- 
trol. But that would have the unfortunate 
side effect of conferring monopoly power 
to a seller in a market where one would like 
consumer sovereignty over product choice 
to prevail. Evidently, one cannot have both 
canvassing efficiency and a full consumer 
choice at the same time. 

The problem is rooted in the failure of 
market participants (in this case, buyers) 
to generate information. The market would 
work better if each household, having pur- 
chased an encyclopedia, would advertise its 
market position. The trouble is that infor- 
mation is, in large measure, a public good. 
The household has no way to internalize the 
benefits from its production. It cannot 
claim and enforce a property right over the 
social value of that right. One expects, 
then, that market signals to the effect “I 
have an encyclopedia and don’t want an- 
other” will not be generated at a socially 
optimal level. This does not mean that one 
would not observe, say, “No Peddlers” 
signs. But one would expect them to appear 
at a frequency which is less than socially 
optimal. 


V. Conclusions 


The concept of property rights has be- 
come central to the understanding of eco- 
nomic behavior. Its modern elaboration is 
due to Harold Demsetz, Armen Alchian, 
James Buchanan and Gordon Tullock, 
John Dales, and others cited by Eirik 
Furubotn and Svetozar Pejovich in their re- 
view article. The concept is crucial in the 
applied field of natural resource economics, 
particularly fishery economics. So it is not 
surprising that the applied work of Scott, 
Gordon, and others should have paralleled 
these related developments. 

I am suggesting a close analogy between 
the fishery and the muggery. The muggery, 
in turn, is a paradigm of criminal and other 
economic activities where predator-prey 
and common property relationships are 
particularly important, and where the prey 
has the property of being capital from the 
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predator’s point of view. I hesitate to pro- 
nounce on the frequency of these situations, 
but I am confident in asserting that they 
occur more often, and are more important, 
than most of us have recognized. 
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An Econometric Definition of the 
Inflation-Unemployment ‘Tradeoff 


By GREGORY C. CHOW AND SHARON BERNSTEIN MEGDAL* 


In the coming year 1979, is it possible to 
achieve a 5 percent unemployment rate and 
keep annual inflation down to 4 percent? 
To raise this question in terms of a par- 
ticular econometric model, we ask whether 
there exist values of the policy instruments 
which will give rise to solutions of 5 and 4 
percent, respectively, for unemployment 
and inflation. What is the most favorable 
tradeoff relationship between inflation and 
unemployment implicit in an econometric 
model of a national economy? In this pa- 
per, we wish to point out that for many 
econometric models actually in use, the 
tradeoff relationship is not rigid, but can 
be shifted toward the origin (but usually 
not all the way to the origin!) by suitable 
government policies. Accordingly, we sug- 
gest that the tradeoff relationship implicit 
in an econometric model be defined as the 
set of points in the unemployment-inflation 
diagram which cannot be dominated. We 
will explain the circumstances under which 
there exists such a southwestern boundary 
for the points depicting the unemployment- 
inflation combinations that are achievable 
according to a given model. We will pro- 
pose a systematic way to locate points on 
this boundary and demonstrate that our 
algorithm works. 

Stimulated by and based upon A. W. 
Phillips’ original paper on the relation be- 
tween unemployment and the rate of 
change of money wage rates, numerous 
studies have appeared to refine, respecify, 
and estimate structural equations explain- 
ing the rates of change in the wage rates, 


*Princeton University. We would like to thank Saul 
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us information concerning the Michigan Quarterly 
Econometric Model; Keith Carlson for gracious help 
with the St. Louis Model; Alan S. Blinder, George H. 
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tional Science Foundation for financial support. 
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the price level, unemployment and relatec 
variables. It soon became apparent tha 
these studies, though useful, may not bi 
sufficient for ascertaining the tradeoff rela 
tionship between unemployment and infla 
tion. If unemployment and inflation arı 
viewed as two of the many endogenous vari 
ables which are jointly determined by . 
system of simultaneous econometric equa 
tions, their relationship has to be derive: 
by solving a whole system using alternativ 
values for the policy variables subject tı 
government control. The approach of de 
riving the unemployment-inflation tradeo! 
by varying the policy variables and solvin; 
for these two endogenous variables in a 
econometric model has been adopted b 
Leonall Andersen and Keith Carlson 
Albert Hirsch, George de Menil and Jare 
Enzler, Saul Hymans, and Ronald Bodkir 
among others. 

Since, as we shall explain, the relation 
ship between unemployment and inflatio 
implicit in an econometric model is usuall 
not rigid, an arbitrary choice of policy in 
struments in the above simulation approac. 
will ordinarily produce combinations o 
these two variables which can be improve 
upon. We therefore suggest that the polic 
variables be chosen optimally, rather tha 
arbitrarily, in order to derive the most fa 
vorable tradeoff relationship. By choosin 
two alternative paths for the policy vari 
ables arbitrarily, one more expansionar 
than the other, one would expect to obtai 
two solutions for unemployment and infla 
tion from an econometric model. However 
by a more judicious choice of the polic 
variables, it may be possible to improv 
on both of these results. In general, th 
unemployment-inflation combinations re 
sulting from varying the values of the polic 
variables in an econometric model woul 
be a scatter and would not all fall on on 
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rigid curve. Thus a unique tradeoff rela- 
tionship may not be obtainable simply by 
trying out different values for the policy 
variables. Some form of optimization is 
required to derive the best possible trade- 
off relationship. 

In Section I of this paper, we will first 
point out the various possibilities for un- 
employment and inflation implicit in a 
static econometric model consisting of a 
set of simultaneous equations and propose 
a method to derive from the model the best 
tradeoff curve. Section II generalizes the 
discussion to the dynamic case. Section III 
applies our approach to derive the best in- 
flation-unemployment tradeoff from the St. 
Louis Model, and Section IV applies the 
same for the Michigan Quarterly Econo- 
metric Model. Section V contains some 
concluding remarks.! 


I. Inflation-Unemployment Possibilities 
in a Static Model 


Given a set of simultaneous equations 
determining a vector y’ = (yy,V2,-..s¥p) 
of endogenous variables by a vector x’ = 
(x1,...,%,) of policy instruments, and 
given a set of exogenous variables not sub- 
ject to government control which will be 
treated as fixed, we ask what combinations 
of unemployment y, and inflation y, are 
possible and how one can trace out the best 
possible combinations. 

For our purpose, the set of possible solu- 
tions for y, and y, can conveniently be 
classified into three categories. The first is a 
rigid relation, the points all falling on one 
curve in the y,-y, diagram. The second is a 
semirigid relation, the set of possible 
points forming an area in the y,-y, plane 
which has a southwestern boundary. The 
second case is considered most important 
and it is the southwestern boundary which 


lIn this paper, our main purpose is to propose a 
definition of the best inflation-unemployment tradeoff 
and a method of deriving the relationship from an 
econometric model. We are not concerned with the 
actual shape of the price Phillips curve, and therefore, 
would avoid discussion of whether the long-run 
Phillips curve is nearly vertical. 
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we would like to ascertain as the best pos- 
sible tradeoff relationship. The third is the 
least rigid, the set of possible points not 
being bounded by a southwestern bound- 
ary. As a special case of the third category, 
we may have the set of possible points cov- 
ering the entire y,-y. plane. This is a 
mathematical possibility, but the model in- 
volved would not be economically meaning- 
ful because y, cannot be negative. 

The first possibility, namely a rigid trade- 
off curve, occurs when there is a structural 
equation explaining y, by yı and some 
exogenous variables, for example, y, = 
—1.2y, + z. The variable z in this equation 
may incorporate exogenous variables and 
other variables as long as these variables 
cannot be influenced, directly or indirectly, 
by the policy instruments. Otherwise the 
relation between y, and y, can be shifted. 
The set z of variables in this structural 
equation may consist entirely of exogenous 
variables not subject to government con- 
trol, or of some endogenous variables 
which are determined completely by un- 
controllable exogenous variables. The equa- 
tion relating y,, y, and the other variables 
so specified might not itself be a structural 
equation, but the result of combining sev- 
eral structural equations. To illustrate, let 
y3 be the rate of change in the wage rate. 
Assume a wage Phillips curve relating y, to 
Yı» Yı and possibly some exogenous vari- 
ables not subject to government control. 
Assume also a price Phillips curve relating 
yı to yı, y3 and possibly some exogenous 
variables. Eliminating y, from these two 
structural equations would yield a rigid 
tradeoff relationship between y, and y,. In 
terms of the reduced-form equations de- 
termining y, and y, by x,,...,x,, the 2 x q 
matrix of partial derivatives of y, and y» 
with respect to the gx’s would be of rank 1, 
so that starting from a given point, when a 
small change in y, results from whatever 
changes in the x’s, y, will be changed 
proportionally in the opposite direction. 

If any of the other variables in an equa- 
tion relating y, and y, (which may be itself 
a structural equation or, more likely, the 
result of combining several structural equa- 
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tions) can be influenced directly or indi- 
rectly by the policy variables, the relation 
between y, and y, will no longer be rigid. 
The possible combinations of y, and y, ob- 
tained by varying the x’s will form an area 
in the y,-y, plane. The 2 x q matrix of par- 
tial derivatives of y, and y, with respect to 
the gx’s via the reduced form will have 
rank 2 for many values of y and x. This 
gives rise to the second or the third cate- 
gory of possible solutions for y, and y,. In 
general however, the possible combinations 
do not take up the entire y,-y, plane as they 
would in the special case of the third cate- 
gory of our classification. If the equation 
relating y, to y, is linear, such as y, = 
—1.2y, + z, and z is a linear function of 
policy instruments which can take any posi- 
tive or negative values, the tradeoff curve 
can then be shifted at will. On the other 
hand, a non-linear structural equation ex- 
plaining the rate of unemployment y, may 
rule out negative values for y,. For ex- 
ample, if Jog y, but not y, appears in the 
model, y, cannot be negative. Furthermore, 
a southwestern boundary may exist for the 
possible combinations of y; and y,. This 
can occur when the values of the x’s are 
bounded (such as the tax rates, money 
supply, and government expenditures tak- 
ing only nonnegative values). It can also 
occur because, in the equation relating y, 
and y}, the other endogenous variables 
which can be influenced by government 
policies are bounded by their own non- 
linearities or by the boundedness of the 
government instruments themselves. Eco- 
nometric models belonging to our second 
category, those with a southwestern bound- 
ary for the possible y,-y, combinations, 
appear to be economically reasonable. The 
first category would rule out the possibility 
of any bad policies which can make both 
inflation and unemployment worse. The 
third. category would imply that one can 
achieve any desired inflation-employment 
combination as one pleases.” 


2In Chow (1976), it was found that by manipulating 
the policy instruments, one can reach any desired com- 
bination of the level of employment and the general 
price index according to the Klein-Goldberger model 
of the U.S. economy. 
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If a southwestern boundary exists for the 
‘possible -y,-y, combinations, one can ob- 
tain points on this boundary by systemati- 
cally varying the parameters k,, kz, a,;, and 
a,in a quadratic loss function 


(1) 
WOY12¥2) = ki(yi — a1)? + kyz- a)? 


and minimizing this function subject to the 
constraint of the econometric model. To 
see that one point in the boundary will re- 
sult from such a minimization, let k, = 
k= 1 and a, = a,=0. The points of 
equal loss will form a circle with center in 
the origin, and circles closer to the origin 
will have smaller losses. The minimum oc- 
curs when the smallest circle is tangential to 
the boundary of the possible y,-y, points 
constrained by the econometric model. As- 
sume that, in the first quadrant of the y,-y, 
plane, a southwestern boundary exists, 
which means that the slope of the boundary 
is negative (or at least nonpositive). Since 
the slope of the circle in the first quadrant is 
also nonpositive, obtaining the smallest 
circle satisfying the constraint will mean 
that the y,-y, point is on the boundary-—if 
it were not, one could use a smaller circle 
satisfying the constraint and reducing the 
loss. To obtain another point on the boun- 
dary, one could change the ratio of k, to kz, 
letting k, = 100 and k, = 1, say. The points 
of equal loss would be an ellipse which. is 
elongated vertically. In sacrificing one unit 
of unemployment, one requires a greater 
reduction in inflation than before; the slope 
of the ellipse in the first quadrant of the 
Vi-¥2 plane is steeper than before. The new 
minimum will yield a smaller unemploy- 
ment and a higher inflation rate. We can 
drop the above assumption that the south- 
western boundary lies in the first quadrant. 
If it were in the fourth quadrant, the above 
analysis would apply by placing the center 
(a,,@,) of the ellipse below and to the left of 
the boundary. 

Although minimization of (1) with k; = 
k= i anda, = a, = 0 will yield a point or 
the best tradeoff curve in the first quadrani 
if it exists, one cannot anticipate the result. 
ing value for either y, or y,. To answer the 
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question, what is the lowest inflation rate 
yı for a given unemployment rate y, = 5 
(percent), one may set k, = 1000, k, = 1, 
a, = 5,anda, = 0. The points of equal loss 
form a highly vertically elongated ellipse 
with (5, 0) as center. Minimization yields an 
unemployment rate close to 5 percent and 
the corresponding lowest inflation rate, 
since it chooses the smallest vertical ellipse 
centering in (5,0) which still satisfies the 
constraint of the econometric model. By the 
same argument, replacing a, = 0 by a, = 2 
in the above minimization would also work 
provided that the lowest inflation rate for 
5 percent unemployment is above 2 percent. 

In this section, we have classified the 
possible solutions for unemployment and 
inflation from a static econometric model, 
defined the best tradeoff relationship im- 
plicit in the model, and suggested a method 
for tracing out this relationship. 


II. Unemployment-Inflation Tradeoff 
Possibilities in the Dynamic Case 


It is important to generalize our discus- 
sion to the dynamic case because econo- 
metric models are dynamic, and economists 
are interested in the best tradeoff relation- 
ships between unemployment and inflation 
through time. In the dynamic setting, we 
have to consider the three-dimensional 
space with unemployment y,, inflation y,, 
and time t as the axes. The three categories 
of tradeoff possibilities implicit in an 
econometric model will be discussed for the 
very short run, the intermediate run, and 
the very long run. 

By the very short run, we mean one quar- 
ter if the econometric model is a quarterly 
model. The dynamic model consists of y,, 
Yr-1, and x, as variables, the uncontrollable 
exogenous variables being considered given 
as before. Endogenous variables lagged 
more than one period and lagged policy in- 
struments can be eliminated from any dy- 
namic model by introducing suitable identi- 
ties, as explained in Chow (1975). For the 
one quarter immediately ahead, all lagged 
variables y,_, are given, and the analysis 
reduces to the static case. The discussion of 
Section I applies entirely to the tradeoff 
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possibilities between y,, and y,, given all 
lagged variables. 

The intermediate run requires some dis- 
cussion. When the time interval of interest 
is from period 1 to period T (where T is not 
very large), we are concerned with the pos- 
sible points on the y.-y.-t diagram. The- 
most rigid category 1 would be a surface on 
this diagram. This means that, for any given 
t, the possible combinations of y,, and ya 
will lie on a curve on the y,-y, plane. As an 
example, there may be a structural equa- 
tion, or an equation resulting from elimi- 
nating other endogenous variables from 
several structural equations, which relates 
Ys Ya and other variables not subject to 
government control, either directly or in- 
directly. Again, category | is a very special 
case. By varying the time paths of the policy 
instruments, one may obtain combinations 
Of Vits Ya, and t which are not confined to a 
surface. However, not all points in the y,, 
Y2, and t space are reachable by manipula- 
tion of government policies. There may be a 
set of surfaces serving as the lower boun- 
daries for the possible time paths for y, and 
yin the following sense. For any t, one 
cannot reduce y, without increasing y,, or 
Yas OF y,, for s = t. Thus it may be possible 
to reduce both y, and yn, but some y,, or 
Ys in another period s will have to in- 
crease—otherwise, the surface is not a 
lowest boundary possible. Category 2, 
where such surfaces exist, is considered 
more likely than both category 1 and cate- 
gory 3 where such boundary surfaces do not 
exist. 

To obtain a path for y, and y, on such 
boundary surface, we minimize the loss 
function 


T 
D D kau an) + kalun — as)" 
tel 


subject to the constraint of the dynamic 
econometric model. Consider the 2T-di- 
mensional space with Yi Ya (t = 1,2, ..., 
T) measured along its coordinates. The 
points in this space having the same loss are 
ellipsoids. Contracting one such ellipsoid 
while keeping the y, and y, paths attainable 
by the dynamic econometric model guaran- 
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tees that the attainable point with minimum 
loss lies on the boundary surface. To keep 
the unemployment path close to 5 percent, 
say, and to find a best inflation path con- 
sistent with the econometric model, one 
may choose a,, = 5, a, = 0 (or a small 
number), k,, = 1000, and k,, = 1 fort = 
1,2,..., T. A numerical method for mini- 
mizing a quadratic loss function subject to 
the constraint of a non-linear econometric 
model can be found in Chow (1975, sec. 
12.1), and will not be described here. It will 
be used for the calculations reported in Sec- 
tions III and IV below. 

Once several optimal paths are obtained, 
with y,, aimed at 4, 5, 6, and 7 percent, re- 
spectively, for instance, one may wish to 
summarize these paths along the best trade- 
off boundary in a two-dimensional diagram. 
One way to do so is to plot the mean in- 
flation rate (2,y2,/T) against the mean un- 
employment rate (2,y,,/T) over the T 
periods. This would imply a constant rate 
of substitution between y,, and y,,, and be- 
tween ya and y,,. Such an implication 
would violate the specification of a quad- 
ratic loss function which measures the loss 
by the sums of squared deviations of the 
economic variables from their targets and 
not by their sums or their arithmetic means. 
A second way is to plot [E (Yn — @y)/ 
T]'? against [E (pun — @y)?/T]' which 
would penalize the increase of each variable 
by the square of its deviation from target. 
Note that when a two-dimensional diagram 
is used in the multiperiod case, the index 
number problem cannot be avoided. 

For the very long run, if any one ever 
cares for such an analysis, we can define the 
equilibrium y, and y, combination as the 
constant values towards which these two 
variables approach as T increases in the 
multiperiod minimization problem specified 
above, if such constant values exist. Of 
course, y, and y,, might not approach con- 
stant values as t increases. Since we treat 
the very long-run problem in the same way 
as the above intermediate-run problem by 
simply increasing the planning horizon T, 
we can still use such indices as (2,y;,/T) 
and [2,(y, — a,)?/T)'” for i = 1, 2 even if 
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yr, itself might not approach a limit as t in- 
creases. It is important to note that, as ir 
the case of the intermediate-run problem 
optimization is required to obtain the mosi 
favorable long-run tradeoff. As long as 
there exist bad policies which would create 
more inflation in the long run without im- 
proving the unemployment situation, the 
time paths for y,, and y,, do not all fall on a 
rigid surface, and one needs to minimize ir 
order to obtain a path on the lower boun. 
dary of all feasible paths. 


IHI. Analysis of the St. Louis Model 


The St. Louis Model of Andersen anc 
Carlson is well-known. It has an equatior 
explaining money GNP by the current anc 
lagged values of money supply M and high. 
employment federal expenditures E. De 
mand pressure and expected price change 
will help determine the change in the price 
level. Since both policy instruments M anc 
E affect the economy through the same 
money GNP variable, in effect the two in 
struments are only a single policy variable 
Mathematically the 2 x 2 matrix of partia 
derivatives of the unemployment rate y 
and the rate of price change y, with respec! 
to these two instruments has rank 1. If the 
analysis is limited to one quarter, the St 
Louis Model therefore implies a rigid trade- 
off relation between y, and y,. 

However, in a multiperiod setting, in sc 
far as inflation is affected by expected pric« 
change which is determined by past price 
changes and by the demand pressure whict 
is influenced by the course of real output 
alternative paths for the money supply car 
affect both the expected price change anc 
the demand pressure, thus influencing the 
paths of inflation and unemployment. There 
is no reason to expect that arbitrary path: 
for M (or E) will yield paths for y, and y 
on the lowest boundary for the unemploy 
ment-inflation tradeoff through time. Using 
the twenty quarters from 19711-1975IV 
and the loss function 


20 20 
(3) Do kOn- a1)? + DS k(n aY 
tel tel 
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FIGURE 1. TRADEOFF FROM THE 
ST. Louis MODEL 


with k, = 10000, k, = .01, a, = 2, and a, = 
3.5, 4.5, 5.5, 6.5, 7.0, and 8.0, respectively, 
and letting Æ, follow its historical path, we 
have obtained six optimal paths by mini- 
mizing (3) with respect to M,. (2,y2,)/T is 
plotted against (2,y,,)/T in Figure 1, and 
(2,y3,/T)'? against (2,y?,/T)' in Figure 
2. The six optimal points are joined by a 
solid line. The corresponding points sum- 
marizing the paths for y, and y, resulting 
from the historical path for M, are marked 
by a cross. The points resulting from using 
a constant percentage growth for M, of 
2, 4, and 6 percent are marked by small 
circles. 

Note that the optimal points dominate 
the points resulting from the historical path 
and the smooth growth paths for M. Figure 
l shows that a mean unemployment rate of 
4 percent is associated with about 12 per- 
cent inflation, and that a 7 percent unem- 
ployment corresponds to about 3.6 percent 
inflation. It would be of interest to examine 
the dynamic characteristics of the optimiz- 
ing paths for M, but space limitation pre- 
vents an adequate discussion. Suffice it to 
say that the optimizing paths for M exhibit 
sizable fluctuations. To inhibit large fluctua- 
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FIGURE 2. TRADEOFF FROM THE 
ST. Louis MODEL 


tions, we can add a term X? | k,(M, — a) 
in the loss function. Minimization of such a 
function, again using a, = 3.5, 4.5, 5.5, 6.5, 
7.0, and 8.0, respectively, will yield a curve 
above the solid curves in Figures 1 and 2. 
This curve can also be used to define the 
best tradeoff relationship between y, and 
Yı, under the assumption that fluctuations 
in the instrument are also penalized. 


IV. Analysis of the Michigan 
Quarterly Econometric Model 


Our brief discussion using the Michigan 
Quarterly Econometric Model by Hymans 
and Shapiro follows closely the analysis for 
the St. Louis Model, except that two instru- 
ments are used. The instruments are un- 
borrowed reserves UR and nondefense 
federal expenditures GFO. With more than 
one instrument, an optimal path along the 
lowest boundary for the dynamic unem- 
ployment-inflation tradeoff is obtained not 
simply by a suitable dynamic pattern for the 
one and only control variable (as in the case 
of the St. Louis Model), but by an optimal 
combination of the time paths for the in- 
struments. However, variations of the first 
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instrument UR are inhibited by the inclu- 
sion of UR in the loss function, its target 
values being assumed to follow the histori- 
cal path. The loss function is 


17 i7 
4) D kOn- a) + Do kan- a) 
tel t=l 


17 
+2 k (UR, - ax)? 
tel 

with k, = 10,000, k, = 1.0, k, = .1,a, = 2.0, 
and a, = 3.5, 4.5, 5.5, and 6.0, respectively. 
The period covered is from 19711-19751, 
with T = seventeen quarters. In the calcu- 
lations, the residuals of the structural equa- 
tions were given their estimated values so 
that application of the historical values of 
the instruments would reproduce the his- 
torical paths of the endogenous variables. 
This is the approach adopted by the NSF- 
NBER Seminar on Comparison of Econo- 
metric Models chaired by Lawrence Klein 
in its optimal control experiments. Figures 
3 and 4 have been obtained in the same 
way as Figures | and 2. The four optimal 
points are joined by a solid line. The cor- 
responding points summarizing the paths 
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FIGURE 4. TRADEOFF FROM THE 
MICHIGAN MODEL 


for y, and y, resulting from using the his 
torical values of UR, and GFO, are markec 
by a cross. The points indicated by a circhi 
result from letting UR, and GFO, grow a 
an annual rate of approximately 4.5 anc 
16.5 percent, respectively. These are th 
average historical growth rates. 

The optimal points clearly dominate thi 
points resulting from the actual as well a: 
the smoothed historical paths for the in 
struments. The optimal path for GFO ex. 
hibits some fluctuations. In contrast with 
the results of Figure 1 for the St. Loui: 
Model, Figure 3 shows that a mean un 
employment rate of 4 percent is associatec 
with only 7.6 percent inflation rather thar 
12 percent. The Michigan tradeoff curve i: 
much flatter than the St. Louis tradeof 
curve. The two curves cross at an unem 
ployment rate of about 5.5 percent, with the 
corresponding inflation rate being 6.5 
When the unemployment rate reaches 6.( 
percent, the associated inflation rate ac- 
cording to the Michigan Model is 6.3 per- 
cent, higher than the 5.6 percent according 
to the St. Louis Model. 


V. Concluding Remarks 


We have proposed a definition of the bes 
unemployment-inflation tradeoff and < 
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nethod of deriving it numerically from an 
:conometric model. The notion is explained 
n both a static and a dynamic setting. The 
št. Louis Model and the Michigan Quarterly 
Zconometric Model have been used to de- 
‘ive the proposed tradeoff relationships. In 
oth cases, it has been shown that the out- 
:omes of inflation and unemployment re- 
iulting from other than optimum values of 
he policy instruments are dominated by the 
‘esults obtained by optimization. The ex- 
imples illustrate clearly the need for optimi- 
ration in order to ascertain the best possible 
radeoff. If the optimizing paths of the in- 
itruments according to a given econometric 
nodel fluctuate too violently for actual im- 
ylementation, it may be reasonable to de- 
ine and derive the best tradeoff relation- 
hips by penalizing and inhibiting the 
nstability-in the instruments. The method 
sroposed could also be employed to com- 
vare different econometric models in terms 
f the most favorable tradeoff relationships 
vhich they imply and of the characteristics 
of the required time paths of the instru- 
nents. 

At the present time, this use is probably 
nore important than the use of the method 
»roposed in the actual formulation of eco- 
10mic policy because of the possible weak- 
1esses of the current generation of econo- 
netric models. For example, the tradeoff 
elationship shown in Figures 1-4 for the 
št. Louis and the Michigan models are dis- 
inctly different. Policymakers, who have 
lifficulties in reconciling these differences, 
1owever, may wish to consult a related 
work by Chow (1977) on the use of imper- 
ect econometric models for economic 
dolicy decisions. 
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Dynamic Instability of a Mixed City 
in the Presence of Neighborhood Externalities 


By TAKAHIRO MIyAo* 


It has been often asked whether a city, 
currently accommodating a variety of eco- 
nomic, social, and racial groups, will con- 
tinue to be a “mixed” city or will become 
exclusively occupied by a single group, par- 
ticularly poor blacks, with all other groups 
moving out of the city in the long run. In 
order to answer this question properly, it 
seems essential to develop a long-run dy- 
namic model of a city with emphasis on 
socioeconomic factors like neighborhood 
externalities within or among various groups 
of residents as well as spatial factors like the 
individual choice of residential space and 
location. It might be safely said that in the 
literature the only theoretical work which 
employs a long-run dynamic approach to 
this kind of problem is a paper on dynamic 
models of segregation by Thomas Schelling 
(1971)... Although his socioeconomic 
analysis has revealed some of the dynamic 
properties of a racially mixed area with 
neighborhood externalities, his model itself 
is quite unsatisfactory from the economic 
point of view, since it lacks individual utility 
functions and thereby disregards the aspect 
of the individual choice of space and loca- 
tion within the city As a result, he failed to 
analyze the effect of spatial segregation 
within the city on the long-run nature of the 
residential composition of the city. 


*Assistant professor, department of economics, 
University of California-Santa Barbara. I wish to 
thank Richard Arnott, Franklin M. Fisher, John M. 
Marshall, Perry Shapiro, and an anonymous referee 
for helpful comments and suggestions. An earlier 
version of this paper was presented at the Western 
Economic Association Conference in Anaheim, 
California, June 1977. 

1See especially his bounded-neighborhood model, 
pp. 167-86. Also see Schelling (1972, 1975). 

2Although spatial aspects are taken account of in 
some of the recent work related to the present subject, 
those models are all completely static. For instance, 
see Susan Rose-Ackerman and John Yinger. 
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In this paper I develop a long-run dy- 
namic model of an open city which ac- 
commodates two groups of households (for 
example, blacks and whites, rich and poor, 
young and old) with their utility functions 
depending on a consumption good and resi- 
dential space. I also assume two kinds of 
neighborhood externalities. The first is 
called “negative intergroup externalities”; 
that is, the utility level of a typical house- 
hold in one group is adversely affected by 
an increase in the number of households in 
the other group living in the city. The second 
is called “positive intragroup externalities”; 
that is, the utility level of a typical house- . 
hold in one group is positively affected by 
an increase in the size of its own group in 
in the city. 

First, I define a “‘mixed-city” equilibrium 
as a long-run equilibrium which allows the 
two groups to coexist in the city in the long 
run, and then introduce a dynamic adjust- 
ment process of household movement into 
and out of the city. It is proved that the 
mixed-city equilibrium is always unstable in 
the presence of negative intergroup ex- 
ternalities and/or positive intragroup ex- 
ternalities, if residential land is perfectly 
homogeneous and there is no differential 
transport cost incurred within the city. It 
turns out, however, that in the case of a 
monocentric city with positive transport 
cost, the mixed-city equilibrium may be 
stable or unstable depending on the degree 
of neighborhood externalities because of 
the stabilizing effect of spatial segregation 
between the two groups within the city. 


I. Negative Intergroup Externalities 


There are assumed to be two groups of 
households, say, blacks and whites, living 
together in a city with NV, households in 
group | and N, households in group 2. In 
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che city the total amount of residential land 
s given and fixed exogenously. In this sec- 
‘ion and the following two sections let us 
suppose that land is perfectly homogeneous 
n quality, and transportation cost (more 
‘igorously, differential transportation cost) 
s negligible in the city so that there is no 
»conomic reason for a household to prefer 
yne location to another within the city. 
Here some negative intergroup externali- 
jes are introduced, that is, each group does 
aot like the other. More specifically, the 
itility of a typical household in one group 
ends to decrease with an increase in the 
aumber of households in the other group 
living in the city. This means that the 
utility U, of a typical household in group i 
depends not only on the amount of a con- 
sumption good z; and the amount of resi- 
dential land (space) h;, but also on the size 
of the other group N, in the city: 


1) U; = U,(z,,h;, N;), i # fj, 


(ij = 1,2) 


where negative intergroup externalities are 
expressed as 


(2) 9U,/AN, < 0, (ij = 1,2) 


As a first approximation, it seems reason- 
able to assume that for given z; and h; 
neighborhood externalities will affect the 
level of utility without changing the mar- 
zinal rate of substitution between z; and h; 
so that the utility function can be written 
in the following separable form: 


G) U; = FG, hi)Ei(N;), 


i#j, 


i # j, 
(ij = 1, 2) 
where 


(4) EN) <0, ij, (i,j = 1,2) 
and the function F, is assumed to possess all 
che desirable properties like twice differenti- 
ability and concavity as usually assumed in 
the literature. : 

Given a certain amount of income w, > 0, 
zach household maximizes its utility (3) 
subject to the budget constraint z; + rh; = 
wi, where r is land rent and the price of the 
consumption good is given exogenously and 
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normalized as unity.’ Then the correspond- 
ing indirect utility function V; takes the 
form 


i=j, 
(i,j = 1,2) 


(5) V; = Gir, w:)E:(N;), 


from which it follows that* 

(6) aV,/ar = (8G,/ar)E,(N,) < 0, 
aV,/aw, = (8G,/aw,)E,(N,) > 0 

and 


(7) hy = —(@V;/dr)/(6V,/dw,) 
~(4G,/ar)/(aG,/4w,) = h,(r, w;) 


With the total amount of residential land L 
given exogenously, we can equate total sup- 
ply and demand for land as 


(8)  hi(r,wi)Ni + Aa(r,w2)N2 = L 


If we further assume that for any given 
w; > 0, 


(9) ôðh;/ðr < 0, h;(0, w;) = oe, 
h(o,w;) = 0 (i = 1,2) 


then r is uniquely determined by (8) as a 
function of N, and N,, given w,, w, and L: 


(10) r = r(N,,N2) 
with 
(11) ðr/ðN; = —h,/{(0h, /dr)N, 
+ (dh, /dr)N2} > 0 


for N, > Oand N, > 0, but not N, = N, = 0. 

At each moment of time, the city is con- 
sidered to be “closed” in the sense that 
group sizes N, and N, are given whereas 
utility levels u, and u, are determined from 
(5) and (10) as 


3Here we deal with a small city relative to the na- 
tional economy so that the price of the consumption 
good is given exogenously in this city. 

4See the author and Robert Solow for the properties 
of V; in the present context. 

5The first condition in (9) means that residential 
land is a non-Giffen good, and the last two conditions 
are in fact satisfied in the case of Cobb-Douglas - 
utility functions which will be assumed later. 
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(12) u; = u(N1,N2) = G{r(N,,N2), wi} 
- E,(N;), i j, (i,j = 1,2) 


In the long run, however, the city is “open” 
in the sense that group sizes N, and N, will 
be completely adjusted through in- and out- 
migration so as to equate the utility level u; 
of the typical household in group / to a cer- 
tain utility level z; which is attainable else- 
where outside the city in question.° More 
precisely, a long-run equilibrium is char- 
acterized by N¥ and N¥ > 0 such that 


(13) u(Nf,NP) < ū; 
and 
{u(N¥, NF) - uN = 0 (i = 1,2) 


where g, and @, are given exogenously.’ 

In order to examine the stability property 
of a long-run equilibrium, we introduce a 
dynamic adjustment process of household 
movement into and out of the city as fol- 
lows. Group size N; is assumed to be in- 
creasing or decreasing gradually over time, 
due to in-migration or out-migration, ac- 
cording as the utility level u;(N,, N3) is 
higher or lower than @; at each moment of 
time: 


(14) filu:(Ni, N2) - a), 
when N; > 0 
DN; = i 3 
i Ji{max{0, u;(N,,N2) =% iz;}], 
when N; = 0, (i = 1,2) 


with f;( ) > O and /;(0) = 0, where D de- 
notes differentiation with respect to time. It 
is clear that (13) is equivalent to DN, = 0 
(i = 1,2). 

Let us define a mixed-city equilibrium as 
N#¥ > Oand N# > 0 satisfying (13), i.e., 


(15) u (NŤ,Nł) = 4; (i= 1,2) 


Assuming the existence of a mixed-city 
equilibrium, or in other words, assuming 
that &, and Z, are given in such a way that a 
mixed-city equilibrium exists, it can be 
shown that the mixed-city equilibrium is 


6For the concept of closed and open cities, see 
William Wheaton. : 
7 Obviously, (13) implies that N¥ = 0 if u; < ù;. 


JUNE 1978 


locally unstable in the presence of negative 
intergroup externalities. By linearizing (14) 
in a small neighborhood of the equilibrium 
with NF > O and N# > 0, we find 


(16) 
be = ae Z i 7 i = “4 
D(N, — N3) an An} N2- NF 
where a = 0f,(0)/0N,, ay. = df,(0)/aN,, 
azn = Of,(0)/ON, and ay = df,(0)/aN2, all 
variables being evaluated at the equilibrium. 


As shown in the Appendix, it follows from 
(4), (6), and (11) that 


(17) ay, < 0,an < 0, đu < 0, an < 0, 


aan — 4124, < 0 


Thus the equilibrium is locally unstable, be- 
cause a necessary and sufficient condition 
for stability is that a + an < 0 and 
3; Ax — 4na > 0, the latter being violated 
in our present case. 


H. Global Analysis in a Cobb-Douglas Case 


In this section we proceed further to 
examine the global stability property of the 
dynamic system (14) by assuming a Cobb- 
Douglas utility function: 

(18) U; = (,)"(h,)*(C; + Ny, 

i # j, (i,j = 1,2) 
where a; b; cand C,(i = 1, 2) are all posi- 
tive constants. Notice that C; > 0 because it 
is reasonable to have a finite utility level for 
one group U, < œ even when no household 
in the other group is living in the city. 

In this special case, the indirect utility 
function will be 


(19) V; = Air hi(w) (C, + N, 


i # j, (i,j = 1,2) 
where A, = (a,)%(b,)"(a; + b)+ > 0 
(i = 1,2) 
Then we derive 
(20) h; = 8,;w;/r (i = 1,2) 


where 6, = 6,/(a; + b;) which is the con-. 
stant proportion of rent payment to in- 
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ome. From (8) together with (20) we can 
ibtain r as 

21) or = (Bw N, + B,w.N2)/L 

“hen, (19) and (21) give 


22) uN, N) = a(biw N, 
+ B.w,N,)°(C,; + Ny“, 
i#j, (Jj = 1,2) 
a, = A,L*i(w,)* 
vhich is a given constant. 


By setting u,( ) = ï, and u,( } = @, al- 
ernately, we can find 


23) 0 < —dN,/dN,\,,.0, = 6:¥1/ 


{Bawa + c,(B,w,N, + B.w.N2)/ 
(C, + N2)} < Bw, /(ByW2) 
< —dN,/dN, lissi 


= {iwi + ea(biw N, + B.w,N2)/ 
(C, + N) /(82w2) 


or any N,, N, > 0. This means that in 
‘igure 1 the curve representing DN, = 0 is 
lways steeper than the curve representing 
IN, = 0. Then, it follows from the long- 
un equilibrium condition (13) that when- 
wer there exists a mixed-city equilibrium, 
fy e,, in Figure 1, there must be two other 
‘quilibrium points with N#¥ > 0 and N¥ = 


vhere 
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0(i,7 = 1, 2), say e, and e, in Figure 1, and 
it also follows from the dynamic adjustment 
process (14) that as shown in Figure 1 the 
mixed-city equilibrium e,, is always globally 
unstable and the city will eventually ap- 
proach either e, or e,, that is, an “all black” 
or “all white” city with 


(24) N¥ = (a) (6D (wp (Cpe 
-y 
N¥ = O(i,j = 1,2) 


J 


HI. Positive Intragroup Externalities 


In this section, there are assumed to be 
no externalities between the two groups as 
in the previous sections, but some positive 
externalities within each group. In other 
words, the two groups neither like nor dis- 
like each other, but each group likes its own 
in the sense that the utility of a typical 
household in one group tends to increase as 
the size of its own group increases. These 
kinds of neighborhood externalities may be 
called positive intragroup externalities and 
expressed as 


(25) U; = Fz, h)E(N;)) (i= 1,2) 
where 
(26) E(N;)>0 (= 1,2) 


Following Schelling’s terminology (1971, 
p. 165), we might call the utility function 
(25) “‘congregationist preferences” meaning 
that each household wants to congregate 
with its own group, but is indifferent to the 
presence of the other group of households 
in the city. Although congregationist 
preferences seem less discriminatory than 
the type of preferences we have assumed in 
the negative intergroup externality case, it 
turns out that their long-run effects on the 
residential composition of the city are 
equally destabilizing, as suggested by 
Schelling (1971) in connection with his 
simple experiments on segregation. 

In the present case, the indirect utility 
function becomes 


(27) V; = G(r, wJE(N;) (i = 1,2) 


At each moment of time with N, given, the 
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utility level for group i can be written as 


(28) (Ni, Na) = GAr(N,,N2), wi} 
E(N)  @ = 1,2) 


where r( ) is defined as (10). Then we can 
show that the mixed-city equilibrium is 
locally unstable in the presence of positive 
intragroup externalities, In a small neigh- 
borhood of the mixed-city equilibrium, we 
have the dynamic system which takes the 
same form as (16). In the present case, the 
stability condition that a,, + a, < 0 and 
G1;4y. — Apá > 0 cannot be satisfied, be- 
cause, as shown in the Appendix, 


(29) aay, — anaān < 0 
ifa < Oand/ora, < 0 


Note that the condition a,, + a» < 0 im- 
plies a; < O and/or a, < 0. 

Finally, it should be added that in the 
presence of both negative intergroup ex- 
ternalities and positive intragroup externali- 
ties, the instability of a mixed-city equi- 
librium holds a fortiori, as can be easily 
shown. A special case of this extended 
model would be the case with externalities 
depending on the ratio of group sizes 
E,(N,/N,) where E;( ) > 0; a form which 
Schelling (1971) has adopted in his simple 
analysis of segregation. 


IV. The Effect of Segregation in a 
Monocentric City Case 


So far we have assumed that land is per- 
fectly homogeneous in every respect with 
no differential transport cost incurred within 
the city. This assumption does not hold, 
however, in the standard Alonso-Muth-type 
model of a monocentric city where positive 
transportation cost is incurred by every 
resident in commuting from his residence to 
work in the central business district (CBD) 
(see William Alonso and Richard Muth), In 
this case, those pieces of land which are 
closer to the CBD have locational advan- 
tages in terms of transportation cost over 
those pieces of land which are located 
further from the CBD. Then the question is 
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how the instability results we have obtained 
in the previous cases will be modified. 

It is well known that in this kind of model 
with more than one type of household, a 
“segregated” pattern of residence will 
emerge in equilibrium: the whole land area 
will be subdivided into the same number of 
zones as the number of household types, 
and each zone is exclusively occupied by a 
group of households of the same type.’ If, 
in particular, there are two groups of house- 
holds having identical preferences for the 
consumption good and residential land, but 
having different income levels, then the 
lower-income group can be shown to oc- 
cupy the zone closer to the CBD while con- 
suming less land than the higher-income 
group in equilibrium. Notice that this kind 
of segregation occurs for economic reasons 
and is not caused by the presence of neigh- 
borhood externalities. However, spatial 
segregation has a certain effect on the long- 
run dynamic property of a mixed-city equi- 
librium in the presence of negative inter- 
group externalities or positive intragroup 
externalities. Its effect turns out to be 
stabilizing, and as a result the dynamic ad- 
justment process may be stable or unstable, 
depending on the magnitude of the de- 
stabilizing effect of neighborhood externali- 
ties relative to the stabilizing effect of 
spatial segregation within the city. 

For the purpose of illustration, it is suf- 
ficient to consider the case of negative 
intergroup externalities with the Cobb- 
Douglas utility function: 


(30) U, = (z;)*(h,)°(C; + Ny“, 
Gj = 1, 2) 


where a, b, c; and C,(i = 1, 2) are all positive 
constants. Furthermore, we assume that the 
transportation cost T incurred by a house- 
hold living at distance x from the CBD can 
be written as T(x) = qx, where q is a given 
positive constant. Since in equilibrium all 
households in the same group must attain 
the same utility level regardless of their lo- 


i Æj, 


8For this well-known result, see Edwin Mills, thd 
author, and Solow. 
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cation,’ we find 
(31) u; = Afro w; — g+ 
(C; oe Ny‘, i = j, (i,j 1,2) 


where the expression on the right-hand side 
is the indirect utility function with 


A = atb(a + byt» 


and w, — qx in place of A; and w,, respec- 
tively, in (19), and r,(x) is the “bid rent” of 
a household in group i at x corresponding 
to a utility level u; which is common for all 
households in group i. In fact, from (31) the 
bid rent can be expressed as 


(32) r(x) = A’ (w, — gx)er/ 
(Cit Nyu = 1,2) 


Without loss of generality, let us assume 
that w, < w,. As pointed out above, all 
households in group | will be accommo- 
dated in the inner zone, that is, the land 
area between the CBD and the residential 
boundary between groups 1 and 2. In view 
-Of the fact that the reciprocal of the amount 
of land per household in group 1 at x, 
1/h,(x), is equal to the density of house- 
holds in group | at x, we have 


(33) f "l m/h dx = N, 


where m(x) is the amount of residential land 
available at distance x from the CBD," and 
x, is the distance from the CBD to the 
boundary between groups 1 and 2. Simi- 
larly, all households in group 2 will be lo- 
> cated in the outer zone, that is, the area be- 
tween x, and the outer city boundary x,: 


*2 
G4) J” mahad = N, 
x1 
The residential boundary x, is endogenously 
determined by the condition that the overall 
rent function be continuous at x,: 


Otherwise, some household could attain a higher 
utility level by moving to a better location in the city. 
10Note that m(x) = 1 in the linear city case and 
m(x) = 2rx in the circular city case, In what follows 
we assume that m(x) > 0 for all 0 < x < x2. 
x 
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(35) r(x) = r(x). 


On the other hand, the outer city boundary 
x, is assumed to be given and fixed exog- 
enously.!! 

In order to determine u, and’ u, as func- 
tions of N, and N, in this model, we first 
solve (35) for x,, using (31). 

(36) xı = (w252 — w,S))/ 

{q(S. — S1)} = x\(uy,u2,N1, N2) 
where : 
S; = (Ci + Nj (u y VEO" = 1,2) 
Since the demand for land per household in 
group i at x is 
h(x) = B(w; — qx)/r(x) = B(w; — qx)” 

(C; + Nu) 

with 8 = b/(a + b) and B = BA-“, it 
follows from (33) and (34) that 
(37) 
Mi(u, Na, x1) = BMC, + Ny” a) 


i f (w, — gx)"m(x)dx = N;, 
0 
M:(, Ni, x1) = B- (C, + Ny” (a) 
x2 
. [7 m- q”mo)dx = N, 
x 


From (36) and (37) we may determine u 
and u as functions of N, and N,, and cal- 
culate du,/0N; (i,j = 1,2), as shown in the 
Appendix; 
(38) 

du; /ON, = (Z,Y = N,/b)/(Au2) 

Guz /ON, = bZ, Y — & Na(l + g)/ 

(1 + G/N} (4u b) 
ðu, /ON2 = {-P’Z,Y e anid + g)/ 
(1+ C,/N2)}/(Au,b*) 

du, /ON>2 = (-Z,Y = N, /b)/(Au) 
where Z, = 0M, /ax, > 0, Z = @M2/dx, < 
0 (from (37)), 


1! Alternatively, we may assume that. the oppor- 
tunity cost of land is zero so that we can determine 
X2 by r2({x2) = 0, that is, X= w2/q. 
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(w: - w,)S1S2/{(a + b)q 

’ -(S, — Sı} > 0 
g = bY{(Z,/N,) — (Z,/N2)} > 0 
andA = N,N, + g)/(uiu,b’) > 0. 

Now we can examine’ the stability prop- 
erty of the dynamic system (16) in the 
present case with (38), i.e., 

(39) ay = fiO) ðu, /ON, <0 
an = fa(0)ðu/3N;, < 0 
an = fi (0) du; /ON, <0 
an = f3(0)du,/8N, < 0 


Furthermore, by rearranging terms, we find 


Y 


Mt 


SOOU + g) 


40) auan — Apa = 
(40) ay 2 7 412421 Auu b? 


b C2 
N foe aa 
ay 6 +g l+ eam) 


b Cy : 
za¥m( +g 1+4 A 
A (1 + aay b? 

b? (1 + gy 


sd ea! SARE 
1 + C,/N,1 + C,/N, 


It is clear from (39) and (40) that the mixed- 
city equilibrium is locally stable if 


Ci b 


4) — i < 1 
ai 1+ C/N, 1+g 


(i = 1,2) 


because in this case we have a), + ay < 0 
and 4114n — anaa > 0. On the other hand, 
it is locally'unstable if 


Ci b 


ieem a T 


= 1,2) 


since this implies ain. — aiza < 0. 

A possible economic interpretation of 
these conditions is as follows. Suppose ini- 
tially u, is smaller than z,. The resultant 
out-migration of group 1 will make the city 
more attractive for the other group, and 
thus induce more in-migration (or less out- 
migration) of group 2. This in turn tends to 
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(0) Nj 


FIGURE 2 


lower u, due to negative intergroup exter- 
nalities, and u; will diverge from ñ, over 
time. On the other hand, owing to spatial 
segregation, a decrease in N, tends to raise 
the utility level for group 1 by increasing the 
amount of land to be occupied by each - 
household in group 1, although this effect 
is partially offset by the inward movement 
of the residential boundary between the two 
groups as a result of a decrease in the land 
rent.to be paid by a smaller number of 
households in group 1. Thus, the mixed- 
city equilibrium is stable or unstable, ac- 
cording as the former destabilizing effect 
c;/(1 + C;/N;), that is, the elasticity of U; 
with respect to N,, is smaller or greater than 
the latter stabilizing effect as represented by 
b/(1 + g), that is, the elasticity of U, with - 
respect to h;. Note that the presence of the 
“discount factor” (1 + g) is due to the off- 
setting effect of the boundary movement. 
Figures 2 and 3 illustrate stable and un- 
stable cases, respectively. It should be noted 
that a similar result can be obtained in the 
case of positive intragroup externalities. 


V. Concluding Remarks 


I have shown that in the presence of 
negative intergroup externalities or positive 
intragroup externalities, 1) the mixed-city 
equilibrium is always unstable if land is 


VOL. 68 NO. 3 





FIGURE 3 


serfectly homogeneous in the city with no 
differential transport cost incurred so that 
here is no spatial segregation for economic 
‘easons, and 2) the mixed-city equilibrium 
s not necessarily unstable in the case of a 


monocentric city with positive transport, 


zost where spatial segregation occurs within 
the city. In fact, in the latter case the equi- 
librium is locally stable if the degree of ex- 
‘ernalities is sufficiently small relative to the 
slasticity of utility with respect to land. 

A few remarks are now in order. First of 
ill, the present analysis can be easily ex- 
‘ended to include more complicated cases 
with any mixture of four kinds of exter- 
aalities, namely, positive intergroup, nega- 
tive intergroup, positive intragroup, and 
negative intragroup. It seems obvious that 
positive intergroup and negative intragroup 
externalities have some stabilizing effects, 
while negative intergroup and positive 
intragroup externalities are destabilizing as 
{ have analyzed in this paper. If, for in- 
stance, group | likes group 2 which dislikes 
sroup 1, the mixed-city equilibrium is stable 
or unstable, depending on whether the 
degree of positive intergroup externalities 
on the part of group 1 is higher or lower 
than the degree of negative intergroup ex- 
ternalities on the part of group 2. 

Secondly, I have dealt only with a kind 
of segregation which results from the eco- 
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nomic behavior of the household choosing 
more (less) residential land in exchange for 
higher (lower) transport cost. However, 
spatial segregation is expected to be always 
stabilizing irrespective of its cause or rea- 
son. Thus it might be conjectured that the 
(in)stability results we have obtained in our 
monocentric city case hold true if spatial 
segregation within the city results directly 
from negative intergroup externalities 
themselves, although a more complicated 
model would be needed to derive a seg- 
regated residential pattern on the basis of 
negative externalities. 

Finally, it should be pointed out that the 
phenomenon of increasing returns in pro- 
duction can be treated in essentially the 
same way as positive intragroup external- 
ities, if increasing returns take such a form 
that the income level (wage rate) for each 
group is an increasing function of its own 
group size due to increasing marginal labor 
productivity. Obviously, in the presence of 
increasing returns of this kind, the mixed- 
city equilibrium tends to be unstable: this 
may appear to be a dynamic version of the 
well-known proposition of complete spe- 
cialization in the presence of increasing re- 


` turns in international trade theory. What is 


interesting here, though, is that even in the 
presence of increasing returns, as my anal- 
ysis suggests, the city may not completely 
specialize in the long run if there is spatial 
segregation between two groups of house- 
holds (workers) in the city and if the degree 
of increasing returns is sufficiently small 
relative to the elasticity of utility with re- 
spect to residential land. 


APPENDIX 


Equation (17) follows from (4), (6), and 
(11), as 
a, = f (OGG, /dr)(ar/AN,)E, < 0 
an = f (OLG /ar)(Or/IN)E, 
+ GEW} < 0 
an = £i(0){(0G/ar\(Gr/AN,)E, 
+ G,E(N)} <0 
an = f0) (0G/3rX3r/3N2)E, < 0 
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and 


—F1(0) f2(0) 


Aan — Ailân = 


- {G Ei (N2)(83G2/3r)(ðr/3 N) E, with 
+ GENG, /ar\(Gr/aN2)E, H = —N,/(bu,) + Z,0x,/du, 
+ G,E\(N2)G,E(N,)} <0 = —(Z,Y + N,/b)/u,, 
Equation (29) is obtained as Aad ss aes Mas 
K = Z,0x,/du, = —Z,¥/u,, 
ay, = f(O){(G, /ar)(Gr/N\)E, L = —N,/(bu,) + Z,0x, /du, 
+ GEN) = (Z,Y — N,/b)/u, 
a2 = f\(O)OG, /dr)(Gr/AN,)E, P = 1 — Z,ax,/aN, 
an = £5(0)(0G,/dr)(ar/aN,)E, = 1—-—062Z,Y/(C, + N), 
an =f 2(0){(6G2/0r)(0r/9N.)E, Q = ¢,N,/{b(C, + Na} — Z,0x,/aN, 
+ G,EA(N,)} = ¢(Z,Y + N,/b)/(C, + N), 
and thus R = ©,N,/{b(C, + N,)} — Z,0x,/0N, 
= —¢,(Z,Y — N,/b)/(C, + N,), 
yA — anan = f (0) f2(0) S = 1 — Z,0x,/dN, 
“[@G, /ar\@r/ON,)E, GEN.) = 14 aZ Y/C, + N), 
POCHINO ON Ez + GEN) where Z; = ôM,/ðx,(i = 1,2). By setting 
’ _ fi ’ i IY = td) 
“GEIN = FiO f0) dN, = 0 and using Cramer’s rule, we can 
* (0r/ON,)E,G,E{(N1) solve for du, /AN, and du, /dN, as 
+ (0G, /ONGr/ON,)E + GEN) ou AP J 
"GEN <9 on" AlR 
if we have a,, < Oand/oray < 0. 1 Ha Y \Z,Y — N,/b 
In order to find (38), first derive from SN GN, u 
(36) that i 
ZY c,(Z,¥ - N2/b) | 
dx, /ðu, = w GIN | 
{—w,(S, — S1) + (W282 — w,S,)} 
, = (ZY — N,/b)/(Au,), 
(0S, /du,)/{a(S2— SV} = -Y/y eon ees 
dx, /du, = bc ee ~ 
la ON, AJK R ' 
{w,(S, — S1) — (W282 — w,S,)} : 
- (8S, /8u;)/{g(Sp — S,)?} = Yu, k Haren olZY — N/b) 
ax, /ðN, = A uy CG + N, 
{w2(S, — S1) — (w2S, — w,S,)}} p oZ, Y \ ZY 


- (382/3 N,)/f4 ($2 — 
ôx, /3N, = 

{-w,(S, — S:) + (w,S, — w,S,)} 

- (AS, /ON2)/{q(S2 — S,)?} 
—c,Y/(C, + N3) 


S,)7} = @Y/(C,+ N,) 


where Y (w — w,)S,S,/{(a + b)q- 
(S, — S;)*}. Then, total differentiation of 


(37) with respect to u,, u,, N,, and N, yields 
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uy 


O oNN, + bZiN:Y — 6Z,N,Y) 
u,b?(C, + Ny) 


. PLY — oN + 2/0 + G/Ni) 2 


PZ, 
Aub? 
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The Rest of the World’s Offer Curve: Note 


By WOLFGANG MAYER* 


The diagrammatic tool of the rest of the 
world (RW) offer curve had been employed 
long before Gary Becker rigorously dem- 
onstrated its relationship to individual- 
country offer curves. Becker’s contribution 
-was to remove the then prevailing suspicion! _ 
that offer curve analysis was limited to a” 
two-country framework and that RW offer 
curves were not legitimate tools of trade 
theory. 

For the generally used variable cost 
model, Becker draws the basic conclusion 
that a ‘..,complete justification for the 
shape of the rest of the world offer curve as 
usually drawn is provided by assuming that 
there is an infinite number of countries and 
that there is continuous variation in the no 
trade lines ... of these countries” (p. 568). 
Although the expression “‘as usually drawn” 
is only defined by a general reference to 
Francis Y. Edgeworth and Alfred Marshall, 
Becker (p. 568) leaves little doubt that con- 
tinuous differentiability of the trade vec- 
tor’s components with respect to the terms 
of trade, or what he calls smoothness, is the 
crucial property he has in mind. In fact, the 
diagram on which Becker’s conclusion is 
based, his Figure 7 (p. 567), reveals clearly 
that the RW offer curve, denoted by OEF, is 
not continuously differentiable at point E, 
. given there are only two countries and their 
no-trade price ratios are distinctly different. 
At point E the aggregate offer curve has a 
kinked indentation. : 

The purpose of my note-is to point out 
that, in the variable cost case, neither the 
“infinite number of countries’ nor the 
“continuous variation in no-trade lines” 
condition is necessary for continuous differ- 
entiability of RW offer curves. As long as 
individual countries’ offer curves are differ- 


*Associate professor of economics, -University of 
Cincinnati. 

lFor an expression of this suspicion, see Lloyd 
Metzler. 


entiable, the RW offer curve will be differ- - 


entiable as well. On the other hand, a 
second “as usually drawn” 
namely strict concavity of the function re- 
lating exports to imports, does not neces- 
sarily hold for the rest of the wofld even 
though it may hold for each individual 
country. 

Becker’s construction of a RW offer 
curve, presented in Sections II (constant 
cost) and IJI (variable cost) of his paper, 
is an application of an aggregation tech- 
nique he develops in Section I. It should be 
pointed out first that Becker’s aggregate 
offer curves of Section I are quite different 
in nature from those of Sections II and III. 
In Section I he aggregates offer curves of 
those countries which at given terms of 


property, 


i 


trade export the same commodity. Since `’ 


the number of countries exporting a given 
commodity changes with varying terms of 
trade, the number of countries is not held 
constant along this kind of aggregate offer 
curve. Alternatively, one can interpret the 
curve as portraying gross amounts of a 
commodity offered for export by all coun- 
tries combined at different terms of trade. 
Becker’s diagrams show quite correctly 
that, at terms of trade where an additional 
country becomes an exporter of a given 
commodity, the aggregate curve has a 
kinked indentation.’ 

When Becker applies his technique of 
Section I. to the derivation of RW offer 
curves in Sections II and III, he quite cor- 
rectly states that certain modifications of 
the technique are in order. Whereas the 


2As usually drawn it certainly excludes such phe- 
nomena as bow-tie and backward-bending offer 
curves as found, for example, in Harry Johnson and in 
Murray Kemp and Ronald Jones. 

3This aggregate offer curve concept has been applied 
to customs union theory by Sven Arndt and Sukesh 
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Ghosh. At the end of my nòte it is briefly demon- , 


strated that Ghosh’s attempt to replace these in- > 


dentations with flat line segments is not correct. 
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number of countries varies along the offer 
curves of Section I, it is fixed for RW offer 
curves. Also, the latter now shows net 
amounts offered (p. 565). And while the 
offer curve of Section I is limited to the 
first quadrant, it runs through the first and 
third quadrants in the case of a RW offer 
curve (p. 566). Unfortunately, this aware- 
ness is not reflected in either the conclu- 
sions or the diagrammatic representation 
(Figure 7, p. 567) of the all-important 
variable cost case. Both imply that the RW 
offer curve has kinked indentations unless 
the number of aggregated countries goes to 
infinity and their no-trade price ratios are 
continuously variable. 

Figure 1 of my note shows the technique 
which should be employed in deriving the 
RW offer curve as faced by country A. 
Using the same notation as Becker in his 
Figure 7, I assume that there are two coun- 
tries B and C, whose offer curves are de- 
scribed by BOB and COC, respectively. By 
drawing the curves through both the first 
and third quadrants, the possibility of 
Teversals in a country’s trade pattern is em- 
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phasized. Assuming the world consists of 
countries A, B, and C, the RW offer curve 
faced by country A is obtained by summa- 
tion of the export-import combinations of 
B and C at all possible price ratios. To illus- 
trate this summation procedure for a given 
price ratio, ] take 1/p, and indicate the 
corresponding export-import combinations 
of B and C by points B! and C', respec- 
tively. Their combined export-import com- 
bination at 1/p, is indicated by point E! 
which is obtained by subtracting the dis- 
tance OC! from BO, using B! as the start- 
ing point. Similarly, if the price ratio is 
1/p,., country C’s no-trade price ratio, point 
E?” will be a point on the combined (as well 
as country B’s) offer curve. Applying the 
same procedure for all other values of 1/p, 
the RW offer curve is traced out, as denoted 
by ROR. Just as BOB and COC, the ROR 
curve is continuously differentiable* inde- 
pendent of the number of countries and 
their no-trade ratios. As to the positioning 
of ROR, it lies to the left and below BOB 
for all 1/p > 1/p,, above the COC line for 
all 1/p < 1/p., and between BOB and COC 
for all 1/p, > 1/p > 1/po. 

Another as usually drawn property of the 
offer curve concerns its curvature. Gen- 
erally, the curve is drawn strictly concave 
from below as exemplified by the two in- 
dividual countries’ offer curves, BOB and 
COC in Figure 2. Aggregation of BOB and 
COC yields a RW offer curve ROR, which 
is not necessarily strictly concave from be- 
low everywhere, In the diagram, this claim 
is demonstrated by using the adding-up 
procedure and notation of Figure 1 for 
three different terms of trade in the relevant 
price range. As can be shown, a strictly 
concave-from-above segment is likely to 
occur if both curves BOB and COC have 
almost no curvature in the relevant price 
range, and country B’s imports expand at a 
much faster rate than country C’s. The con- 
clusion that the basic curvature of the RW 
offer curve is not necessarily the same as 


‘This property follows from the theorem that the 
sum of two continuously differentiable functions is 
continuously differentiable. 
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FIGURE 2 


that of the individual countries’ curves is of 
* importance for optimal trade policy. In se- 
lecting country A’s optimal tariff, care must 
be taken that the second-order conditions 
for maximizing utility are satisfied and that 
a globally, and not just locally, optimal 
solution is obtained. 

So far I have concerned myself only with 
the variable cost case. It ought to be men- 
tioned here that the proposition that the 
RW offer curve is continuously differen- 
tiable does not carry over to the constant 
cost model. In the latter case, individual 
countries’ offer curves have flat line seg- 
ments, implying that the trade vector’s 
components are not continuously differen- 
tiable with respect to the terms of trade 
since no unique limits of the first derivative 
exist. As one can easily visualize by looking 
at Figure 2, the RW offer curve would have 
a kinked indentation at point £? if OB had 
a linear segment starting at the origin. 
Hence, the drawing of Figure 6 in Becker’s 
paper (p. 565) is correct. 

Finally, I return to the aggregation 
procedure developed by Becker in Section I 
of his paper. I want to comment briefly on 
Ghosh’s attempt to replace the kinked seg- 
ment of the resulting aggregate offer curve 
by a flat line segment. Figure 3 shows such 
an aggregate offer curve for the variable 
cost case, with the kink occurring at point 
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FIGURE 3 


E> Ghosh argues that the kinked segment 
PEQ should be replaced by the straight line 
PQ, which is obtained by drawing a com- 
mon tangent to the curves ER and OC. 
Ghosh argues that efficiency of trading 
processes requires this modification of 
Becker’s analysis, whereby he employs a 
technique originally developed by Nicholas 
Georgescu-Roegen and John Hicks. The 
problem with Ghosh’s approach is that 
nothing along the straight line PQ repre- 
sents optimal trading for the two countries 
involved. The fact that PQ lies above PEQ 
implies that aggregate exports, which are 
offered in return for a given amount of im- 
ports, are always larger along PQ than 
along PEQ. If one drew the relevant trade 
indifference curves of countries B and C 
irto the diagram,.one could easily see that 
in moving from PQ to PEQ at least one . 
country can be made better off without the 
other country becoming worse off. George- 
scu-Roegen’s approach is not applicable 
since in his analysis a higher level of utility 
can be reached by maximizing output of 
one commodity for given amounts of the 
other commodity, whereas utility is reduced 
when Ghosh maximizes exports for a given 
level of imports. Ghosh’s path is not opti- 


5The diagram reproduces the essence of Ghosh’s 
Figure 4 (p. 99), but maintains the previously used 
notation of Becker. 
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mal in the sense of utility maximization for 
the countries involved, although it is mathe- 
matically optimal in the sense of showing 
maximum exports for a given level of im- 
ports of the two countries. 
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Factor-Price Uncertainty with 
Variable Proportions 


By MARION B. STEWART* 


Unless managers are risk indifferent, an 
uncertain operating environment is likely 
to have important effects on a firm’s out- 
put and factor-proportion decisions. Recent 
papers by Agnar Sandmo, Hayne Leland, 
and Duncan Holthausen, among others, 
have examined the various effects of de- 
mand uncertainty; but these studies have 
not considered the effects of input price 
uncertainty. As shown below, factor-price 
uncertainty may have important effects on 
firms’ factor-proportion decisions, leading 
risk-averse managers to substitute fixed 
(riskless) factors of production for factors 
such as raw materials whose prices are sub- 
ject to random fluctuation. 

Consider a hypothetical firm which 
uses two inputs, X, and X,, to produce a 
“final product.” We shall suppose that the 
firm purchases input X, (raw materials) in a 
competitive market at price r, per unit and 
combines that input with X, (plant and 
equipment) to produce its final product. 
The profit in any period t is m = pq — 
ryX, — 2X2, where p is output price, g is 
quantity sold (= quantity produced), r, is 
the unit cost (including opportunity costs) 
of input X,, and x, and x, are the quantities 
of X, and X, required to produce q units of 
output. 

Let us suppose that input substitution is 
possible, but we also assume that the plant 
configuration is net instantaneously ad- 
justable, so that x, must be chosen at some 
time prior to the beginning of period t. An 
important assumption is that the price of 
raw materials is subject to random fluctua- 
tion, so that 7, is not known at the time x, 
is chosen. Suppose, however, that r, has a 
subjective probability density ¢(7,), known 
to the firm’s manager at the time x, must be 
determined 

It is assumed initially that p, q, and r, are 
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known with certainty, and that the firm’s 
manager’s objective is to choose the plant 
configuration x, which maximizes EU(z) 
where U is a von Neumann-Morgenstern 
utility function with profit as its argument, 
and Æ is the expected value operator. 


I. Optimal Input Choices under 
Factor-Price Uncertainty 


Assume that the production function q = 
S (x1, x2) can be solved for the raw materials 
requirement 


(1) xı = g(%2,9) 


where g(x, q) is the quantity of X, neces- 
sary to produce output q with plant con- 
figuration x,. The assumption that X, and 
X, can be substituted for one another to 
produce a given quantity of output implies 
that 6g/5x. < 0; if the isoquants are con- 
vex, we also have 62g /x3 > 0. Hence m 
PQ — 118(%2,q) — 2X2, and a necessary con- 
dition for utility maximization is! 


(2) E[U'(r)(—r,6g/6x2 — r2)] = 0 


If the firm’s manager is risk neutral, then 
U'(x) is a constant number and (2) may be 
written as U'(r)(—Er,6g/6x2 — r) = Oor 


(3) —6g/6x, = r,/Er, 


The risk-neutral firm equates the marginal 
rate of technical substitution to the ex- 
pected factor-price ratio, thus minimizing 
expected cost. 

A manager with a non-linear utility func- 
tion, however, will depart from this expected 
cost-minimization strategy, as it is now 
shown. Define A U'(r) > 0, and B = 
—r,6g/5x,— rz, SO that we may write (2) as 


lThe assumption of convex isoquants insures that 
equation (2) is decreasing in x, and hence satisfies the 
second-order conditions for a maximum, provided U is 
linear or concave. 
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E(AB) = EA EB + cov(A,B) = 0. If the 
firm’s manager is risk averse, then U is con- 
cave and A is an increasing function of r,. 
Since B is clearly an increasing function of 
rı, we then have cov(A,B) > 0, so that (2) 
is satisfied only if EB < 0. Hence a risk- 
averse manager sets —d6g/5x, < rı/Er,, 
using more plant and less raw material than 
does a risk-neutral manager.” 

This result appears to be quite general, 
and holds, for example, in the case in which 
more than one input is subject to factor- 
price uncertainty.’ I show in the Appendix, 
Section A that in the multiple input case, a 
risk-averse firm uses less of every risky input 
and more of the riskless input(s) than does 
a risk-neutral firm. 

Since raw material prices are subject to 
random fluctuation, a risk-averse manager 
protects himself against the risk of very low 
profits by overinvesting in fixed-cost plant 
and equipment. If raw material prices are 
lower than expected, the firm will be too 
“capital intensive” to benefit fully from the 
low material costs; but if raw material 
prices are higher than expected, the manager 
is protected against losses or very low 
profits. As expected, the risk-averse manager 
foregoes the opportunity of earning large 
profits in order to insure against large 
losses. A risk-preferring manager, on the 
other hand, underinvests in plant and in- 
creases the likelihood of both very high 
profits and large losses. 


II. Increasing Aversion to Risk 


I have argued that a risk-averse manager 
faced with factor-price uncertainty will use 


2That is, a risk-averse firm will produce a given 
quantity of output with a higher input-use ratio 
x2/x, than would be chosen by a risk-neutral firm. 
If the output quantity q can be varied, a risk-averse 
firm will not in general wish to produce the same out- 
put quantity as a risk-neutral firm; but if the produc- 
tion function {(x;, x2) is homogeneous, then a risk- 
averse firm will operate with a higher input-use ratio 
than will a risk-neutral firm, regardless of the output 
quantity produced (since in that case the risk-neutral 
firm’s optimal input-use ratio will be independent 
of q). 

31 am grateful to Michael Taussig for raising this 
point. 
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less of a risky input than would a risk- 
neutral manager, thus departing from the 
input-use ratio which minimizes expected 
cost. A more general statement of the re- 
lationship between risk aversion and factor 
proportions is possible, as well: it is argued 
below that as aversion to risk increases, a 
manager will use less of a risky input and 
correspondingly more of a riskless input. 

The Pratt-Arrow coefficient of (absolute) 
risk aversion is defined by a(x) = — U” (x)/ 
U'(r). The coefficient a is positive for a 
risk-averse firm, and the degree of risk 
aversion—as measured by the amount a 
firm would voluntarily pay to insure itself 
against a risk of given magnitude—in- 
creases as œ increases. Using this notation, 
it is easily shown that as œ increases, the 
optimal input-use ratio x,/x, increases. 
Since a risk-neutral firm chooses the ratio 
which minimizes expected cost, increasing 
risk aversion leads to increasing overinvest- 
ment in plant and increasing underutiliza- 
tion of raw materials.* A sketch of the proof 
is given in the Appendix, Section B. 

It is widely believed that rational firms— 
and households—should exhibit decreasing 
absolute risk aversion, that æ should be a 
decreasing function of wealth. If firms do in 
fact exhibit decreasing absolute risk aver- 
sion, then it follows that a risk-averse firm 
will lower its optimal input-use ratio x,/x, 
as its wealth increases. Somewhat in- 
formally, this suggests that larger (risk- 
averse) firms will operate closer to the cost- 
minimizing input-use ratio than will smaller 
firms, ceteris paribus. 


III. The Effect of Increased Risk 
on Optimal Input Choices 


We may examine the effect of increased 
uncertainty about input prices by defining 
the material price r, as 


(4) r= y+, y>0 


where v is a random variable, and y and 6 
are nonstochastic ‘‘shift parameters.” We 


4In the general case, increasing risk aversion leads to 
decreased use of all risky inputs and increased use of 
riskless inputs. See the Appendix, Section B. 
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may then increase the uncertainty about r, 
simply by increasing y, thus amplifying the 
variability of v. So that the expected input 
price does not change and we observe only 
the effect of increased risk,> we may insure 
that d(Er,) = dE(yv + 0) = Evdy + d0 = 0 
by choosing 6 such that d0 /dy = —Ev. 

Now substitute (4) into the first-order 
condition (2) and differentiate (2) with re- 
spect to y to obtain 


(5) E(- U” (r)xi(v — Ev)(—r,6g/6x2 — r2)) 
+ E(—6g/5x,U'(m)(v — Ev)) 


It is shown in the Appendix, Section C, that 
under the hypothesis of decreasing absolute 
risk aversion, (5) is unambiguously positive. 
Hence a marginal increase in factor-price 
uncertainty increases (2), requiring an in- 
crease in x, (and hence a decrease in x,) to 
equate (2) to zero. Perhaps not surprisingly, 
increased factor-price uncertainty further 
reduces a risk-averse firm’s use of the risky 
input and moves the firm farther from the 
cost-minimizing input-use ratio. As usual, 
this result generalizes in the obvious way to 
the multiple input case. 

Futures markets, long-term contracts, 
and “vertical integration” all serve to re- 
duce uncertainty about factor prices; and 
we should expect risk-averse managers to 
take steps to reduce factor-price uncer- 
tainty, since the resultant reduction in profit 
fluctuations will directly increase the ex- 
pected utility from profits (i.e., d(EU(r))/ 
dy < 0). For many products, long-term 
contracts may be sufficient to greatly reduce 
factor-price uncertainty; but in other cases— 
particularly when factor “quality” is dif- 
ficult to measure—vertical integration may 
be more appropriate. By reducing factor- 
price uncertainty,® vertical integration in- 
creases a risk-averse manager’s utility; and 


5This mechanism for effecting a “‘mean-preserving 
spread” in a probability distribution is due to Sandmo. 

6There are two risk-reducing characteristics of verti- 
cal integration. First, vertical integration is likely to 
improve a firm’s information about conditions in the 
upstream market; but uncertainty about the true op- 
portunity cost of the upstream product will be re- 
duced by a vertical merger even if the integrated firm 
has no better information than was available to the 
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the reduced uncertainty, as we have seen, 
will also lead on the average to lower pro- 
duction costs. Since efficient resource use is 
socially desirable, the encouragement of 
risk-reducing vertical integration may well 
be sound public policy. 


IV. Input Choices and Output Uncertainty 


It was assumed above that while factor 
prices were subject to random fluctuation, 
both output price p and quantity g were 
nonstochastic. I now show that output- 
price uncertainty has no effect on my con- 
clusions, while uncertainty about g has an 
effect opposite that of uncertainty about r,. 

Suppose that price p is not precisely 
known at the time x, is chosen. In that case, 
using subscripts to indicate the variable to 
which the expected value operator applies, 
we may write the first-order condition (2) as 


E(U'(x)(—1r,6g/6x2 — r2)) = 
E, [E,[U'(m)(—r,8g/6x2 — ra) rill 
= E,,[(—116g/6x2 — r2)E,(U'() | r1)] = 0 


But the conditional expectation E,(U'(x) | r,) 
is itself a random variable, increasing in r,; 
so my conclusions are completely unaf- 
fected by the existence of output-price un- 
certainty. 

If on the other hand the firm fixes its out- 
put price prior to period t but faces demand 
uncertainty,’ the first-order condition is 


E, [E,[U'(m)(—r6g/5x2 — r) | rij] = 0 


and further simplification is not possible 
since 6g/6x, is a function of q. If X, is a 
noninferior factor, then (—ôg/ôx,) is an in- 


downstream firm before the merger. This somewhat 
surprising result is due to the observation that the 
opportunity cost of a manufactured upstream factor 
is the marginal revenue associated with the price in 
the upstream market, not the market price itself. Since 
marginal revenue js less than price in all but perfectly 
competitive markets, the uncertainty about MR will 
generally be less than the uncertainty about the market 
price. On this point, see my paper on transfer pricing 
under uncertainty. 

7This implies a less-than-perfectly competitive mar- 
ket structure. By assumption, a competitive firm can 
sell all it can produce. 
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creasing function of g; and since U’(x) is a 
decreasing function of q, the conditional ex- 
pectation E,(AB) must be less than E,A 
E,B. It follows that a risk-averse manager 
facing demand uncertainty (with known in- 
put prices) will underinvest in the fixed-cost 
input.’ Since I have argued that factor-price 
uncertainty will lead to overinvestment in a 
fixed-cost input, ceteris paribus, a risk- 
averse manager facing both demand un- 
certainty and factor-price uncertainty may 
in general either use too much or too little 
of the fixed-cost input. 


V. Summary and Concluding Remarks 


I have considered a simple problem in 
which a hypothetical firm combines a 
“fixed” input, available at a known factor 
price, with a “variable” input whose price 
is subject to random fluctuation, to produce 
a given output quantity. The major findings 
are readily summarized: 

Compared with a risk-neutral firm, a 
risk-averse firm uses less of the risky input 
and more of the fixed-price input, thus de- 
viating from the input-use ratio which mini- 
mizes expected cost, 

Increasing aversion to risk leads to in- 
creasing use of the fixed-price input and de- 
creasing use of the risky input; the more 
risk averse is a firm’s manager, the farther 
from the least-cost input-use ratio it 
operates. 

A reduction in factor-price uncertainty, 
due to long-term contracting or vertical in- 
tegration, increases a risk-averse firm’s use 
of the risky input, hence reducing expected 
production costs. 

These results generalize in an obvious 
way to the multiple input case: risk-averse 
firms use less of every risky input (hence 
more of the fixed-price inputs) than do risk- 
neutral firms, and further reduce their use 
of any risky input if uncertainty about that 
factor price increases. 

These conclusions are unaffected by the 
addition of output-price uncertainty. As 


8See Holthausen for a detailed discussion of this 
point. 
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noted in Section IV, however, demand un- 
certainty and input-price uncertainty have 
opposite effects on risk-averse managers’ 
optimal input-use ratios; hence the effect of 
decreased factor-price uncertainty on the 
efficiency of price-setting firms which face 
uncertain demand can not be predicted a 
priori. 


APPENDIX 
A 


The multiple input case is easily evaluated 
by directly considering the firm’s con- 
strained optimization problem. Define the 
production function q = f(X}, X2,...X;,... 
x,), With i risky inputs and n — i fixed 
(hence riskless) inputs; and form the La- 
grangian 


Ls EU(r) + Alg = f (Xise Xn) 


Optimal use of inputs i and n, for example, 
requires 


6L/5x,; = E[U'(r)r,] — Aôf/ôx; = 0 
6L/5x, = F EU' (T) — rdf/6x, = 0 
or 
(Al) 6f/6x; = 6f/5x, 
E[U'(r)r;) r ,EU'(r) u 


If U is concave, then U(r) is an increasing, 
function of r;, and E[U'(a)r,;] > Er,EU'(x). 
Hence the risk-averse manager chooses in- 
puts i and n such that 


6f/0x; | df 6X, 


/ 
(a2) Er; rn 

Given diminishing returns to each input, 
(A2) implies that a risk-averse manager uses 
less of each risky input (and thus more of 
the riskless inputs) than does a risk-neutral 
manager. 


B 


Consider two firms with concave utility 
functions U(r) and U,(m), and risk aver- 
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sion coefficients a,(1) and a(x); and let 
firm one be the more risk averse, so that 
a(r) > a,(r) > 0 for any r. Define r? as 
the value of r, at which (—r,6g¢/6x. — r2) = 
0, and let r° be the value of r when r; = r}. 
Also let x¥ be the value of x, which satisfies 
the first-order condition (2) for firm one, 
and let B(x¥) = —r,6g/dx, — r3, evaluated 
at x, = x¥ (see the discussion in Section I). 
Partitioning (2) into two parts and dividing 
by the constant number U{(x°), we may 
then write firm one’s first-order condition as 


(A3) a GH Beper, 


+ J vo B(x¥)6(r,)dr, = 0 


r 





Now evaluate firm two’s first-order condi- 


tion at x}, and divide by the constant num- . 


ber U}(x°) to obtain 


A Ua) 
an f" Tye PEDOMr 
= Ux) 
$ J Tan PEDADA, 


Subtracting (A3) from (A4), we have 


(A5) 
1 [Uam) U(r) 

LAT) T Batel )dr, 
I Een Te een 


Ti po _ Uile) 
Gi 2(m°) Ui’) 

Relying on a theorem by John Pratt, it is 
easy to show that if a(t) > a,(7), then the 
first bracketed expression is positive and the 
second bracketed expression is negative. 
Since B(x¥) < 0 for r; < r?, and B(x¥) > 0 
for r, > 79, (A5) is clearly negative. Hence 
(A4) must be negative when x, = x¥; and 
since (A4) is a decreasing function of x,, 
firm two (the less risk-averse firm) must use 
less of the fixed-cost input in order to satisfy 
its first-order condition for utility maximi- 
zation. 

The same method of analysis can be ap- 
plied to equation (A1) to show that the 








| BOet) or )dr; 
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more risk-averse firm uses less of each risky 
input, hence more of the riskless inputs. 


C 


Since ôg /6x, is negative, and U’'(r) is an 
increasing function of r, (and hence of y), 
the second term in (5) is clearly positive. To 
determine the sign of the first term, define 
C = U'(r)(-r,6g/6x, — rı) so that, using 
the definition of a, we may write the first 
term in (5) as 
(A6).x,E[aU'(r)(v — Ev)(—r,bg/6x2 — r2)] 

= x,Ela(v — Ev)C] 

= x,E(avC) — x, EvE(aC) 
Recall that the hypothesis of decreasing ab- 
solute risk aversion implies that œ is a de- 
creasing function of r, and hence an in- 
creasing function of v: a = a(v), with 
a'(v) > 0. Let v, be the value of v at which 
C = 0, and note from the discussion in Sec- 


tion I that vy > Ev. 
We may write the first term in (A6) as 


(A7) 2 =x, T va(v)Co(y)dy 
+ x, f va(v) Co(v)dv 


yo 


where ¢(v) is the probability density of v. 
The first integral in (A7) is negative, and 
the second integral is positive, so we have 


x, i va(v)CO(v)dv > x4% 
. J alv)Co(v)dv 
0 


and x, a væ(v)Co(v)dv > x 1% 
; 0 
. f a(y)Co(v)dv 


”o 


hence £ > x,¥% $ a(v)C o(v)dv 
0 


It follows at once that (A6) is greater than 
x(V — Ev)E(aC). But (va — Ev) is positive; 


VOL. 68 NO. 3 


and since EC = 0, it follows that if œ is in- 
creasing in v then E(a@C) > 0. Hence (A6) is 
greater than zero. 
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On the Comparative Statics of a Competitive 
Industry with Inframarginal Firms 


By JOHN C. PANZAR AND RoBERT D. WILLIG* 


Recently, economists have begun to de- 
velop a theory of the perfectly competitive 
firm and industry in long-run equilibrium.’ 
In contrast to the traditional model? in 
which all prices are parametric, this new 
theory takes explicit recognition of the fact 
that output price must adjust to exogenous 
changes in input prices before the industry 
can be said to be in long-run competitive 
equilibrium. The focus of this analysis has 
been to derive implications of competitive 
theory which can be tested using data 
generated by observing individual firms in 
long-run equilibrium.? This being the case, 
it was natural to assume (see, for example, 
Silberberg, p. 734) a horizontal industry 
supply curve, that is, that all firms are iden- 
tical, and in equilibrium earn no rents. This 
assumption allowed the analysis to be car- 
ried out entirely at the level of the individual 
firm, since such firms behave in the long 
run “as if” they were minimizing average 
cost. 

Unfortunately, this approach has also 
limited the applicability of the analysis at 
the industry level. The absence, by assump- 
tion, of inframarginal firms makes the 
theory inapplicable to a wide and important 
class of competitive industries with rising 
supply curves. In this note, we develop a 
simple analytical model of a competitive 
industry with a rising supply curve by 
positing that firms may have diverse en- 


*Bell Laboratories, and Bell Laboratories and 
Princeton University, respectively. The views ex- 
pressed are our own and do not necessarily reflect 
those of Bell Laboratories or the Bell System. We 
would like to thank George Borts and an anonymous 
referee for helpful comments and suggestions. 

1 The seminal paper in this literature is that of C. E. 
Ferguson and Thomas Saving. 

2 As developed, for example, by Paul Samuelson. 

3See Eugene Silberberg for the most comprehensive 
development of this long-run theory. He also provides 
a valuable bibliography. 


474 


dowments of a fixed factor in inelastic 
supply.* Thus in equilibrium there may be 
inframarginal firms earning economic rents 
(which are, of course, imputed to the fixed 
factor). Within this framework, we find that 
Ferguson and Saving’s proposition that 
“In competitive industry, long-run equi- 
librium price will always vary directly with 
factor price, while long-run equilibrium 
output will vary inversely” (p. 780), is in 
general true only for normal factors of pro- 
duction. 

Our results also have immediate ap- 
plicability to the recent controversy’ over 
whether or not the social benefits of an ex- 
ogenous input price reduction can be equiv- 
alently evaluated using consumer’s surplus 
measures from either the final product 
market or the relevant input market. This 
literature has also focused on the case of a 
competitive industry with a horizontal sup- 
ply curve. We demonstrate that, when there 
are inframarginal firms, only the input 
market measure is accurate. 


I. The Analytical Framework 


We choose to represent the productive 
technologies of the firms by means of their 
minimum cost functions and their cost- 
minimizing input demand functions. We as- 
sume that the underlying production func- 
tions exhibit sufficient smoothness so that 
the former are twice continuously dif- 
ferentiable, and the latter are continuously 
differentiable. In order to allow for firm 


4Thus our model is an extension of what Jacob 
Viner, in his classic paper, referred to as the case of 
Ricardian increasing costs. 

5 This literature was initiated by Richard Schmalen- 
see (1971). See also James Anderson, Daniel Wise- 
carver, and Schmalensee (1976). 

éit suffices that the production functions are twice 
continuously differentiable and strongly quasi concave 
(see Silberberg). 
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. diversity, we assume that these functions 
are indexed by a (nonnegative) cost de- 
creasing parameter 0. Without loss of 
generality, 0 may be viewed as indexing a 
firm’s endowment of a fixed factor in in- 
elastic supply, such as a firm’s location or 
the nitrogen content of a farm’s soil. For 
simplicity, we assume that this factor has 
no alternative uses outside the industry in 
question. 

A firm of type @ is thus characterized by 
the cost and input demand functions, 


(i) Cg, w,6), 


ac ac 
22 = C 0, — = C, > 0, 
a6 d aq 1 
ac _ oad 
ðw, 7 Cy, = x(q, w, 8) 2 0, 
je=l,...,n 
where q is output, w = (Wi, ..., w,) is a 


strictly positive vector of input prices, and 
xi represents the cost-minimizing level of 
employment of the jth input. (The last 
equality in (1) is a result of the well-known 
Shephard’s Lemma.) 

The equilibrium of the price-taking com- 
petitive firm of type @ is given by the solu- 
tion of the program, 


max [pq — CY, w,0)) 
q2 


which has as necessary and sufficient con- 
ditions: 


(2) p= C,(4, w, 6) < 0, q 2 0, 


q(p - C,) = 0 
(3) Cuz 0 
We will assume that these conditions are 
satisfied with g > 0 and C, > 0. Equations 
(2) and (3) can now be used to derive the 
supply curve of the individual firm, 
q*(p, w, 0). This function has the following 
partial derivatives: 


* 1 ðq* xf 
ree ree ee 
dp Caa ðw; ôq 
dq* 
30 a Coe! Caa 
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II. Industry Equilibrium 


Crucial to the characterization of in- 
dustry equilibrium is the notion of marginal 
firms; that is, those firms whose @ allows 
them to (optimally) earn exactly zero profits. 
This margin, 6(p, w), is defined by the fol- 
lowing equation: 


(5) pq*(p, w, 6) — Clq*(p, w, 6), w,6] = 0 


Since (maximized) profits are obviously an 
increasing function of the cost-reducing 
parameter 6, firms with 6 less than @ will not 
participate in the industry. Making use of 
(2) and (5), we can see that @(p, w) has the 
following properties: 


© =~ fe- cy E+ at 
+ |e ot a) -<o 
O Fy 07 eo S| 
-fe cp êE a|- - £20 


Equations (6) and (7) indicate that the mini- 
mum value of @ which is required for firms 
to participate in the industry is, as one 
would expect, a decreasing function of out- 
put price and an increasing function of all 
input prices. 

We can now write the industry supply 
curve as 


8 
© Spm = f aow OS Odb 
(pw) 

where f(0) > 0 is the (exogenous) density 
function which indicates how many firms 
there are of type 6 (@ is the maximum value 
of @ observed in the population). Industry 
equilibrium occurs at that price p*, where 
industry supply equals industry demand. 
That is, 


(9) S(p*,w) — D(p*) = 0 


where D(p) is the (downward-sloping) de- 
mand curve for the output of the industry. 
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III. Comparative Statics 


In order to determine the effect of an in- 
put price change on the equilibrium output 
price, we substitute (8) into (9), totally dif- 
ferentiate, and obtain 


— q (p°, w, Â) S o] 
Wj 


+ if 39% odo 
G p 


- wm DSO E - Doo) 
P 


While (4) and (6) guarantee that the de- 
nominator of (10) is positive, the sign of the 
numerator is in general indeterminate. The 
following (standard) definitions will facili- 
tate interpretation of the result. 


DEFINITION: An input x; is said to be 
(locally)’ inferior if dx4(-)/dq < 0, Y 8. 
Otherwise, it is said to be (locally) normal. 


DEFINITION: An input x, is said to be 
(locally) strongly normal if éx4(-)/ag > 0, 
vð. 


PROPOSITION 1: If x; is (locally) strongly 
normal, then dp*/dw, > 0. 


PROOF: 
Since dS /dp — D' > 0, it is clear that 


(11) sgn (Fe = — sgn A 
Wj dw, 


From (4) and (10), we see that 


7The term “locally” refers only to the arguments 
other than 0. This form of definition is required be- 
cause the normality propertizs of an input may vary 
with @ unless further assumptions are made. 


a 
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ax4 
-—/C 0)d6 


A cD 
— g*(p’, w, 0) f(@) — 
q*(p*,w IO x 


a 
(12) aS a 
aw, ê 


J 


From (7) and strong normality, it is clear 
that 4S /ðw; < 0, and (11) yields the result. 


Proposition 1 differs from the result de- 
rived by Ferguson and Saving for the case 
of identical marginal firms; that is, that the 
equilibrium output price is a strictly in- 
creasing function of all input prices regard- 
less of the normality properties of the in- 
puts. That result is hardly surprising since, 
with free entry, the industry supply curve is 
perfectly elastic at the level of the minimum 
point of average cost. An increase in the 
price of any input raises that level, and con- 
sequently the equilibrium output price must 
rise. 

In the present framework, the shift in the 
industry supply curve resulting from a fac- 
tor price increase has two components; the 
change in the output levels of inframarginal 
firms, and the exit of marginal firms (and 
their output) from the industry. When the 
input in question is normal, these two ef- 
fects operate in the same direction. How- 
ever, in the case of inferior factors, the ef- 
fects oppose each other, and the sign of the 
total effect cannot be resolved without 
reference to the relative numbers of mar- 
ginal vs. inframarginal firms; it cannot be 
resolved from technological considerations 
alone. The following proposition states this 
result positively: 


PROPOSITION 2: If x is (locally) inferior, 
and if all firms are inframarginal at the initial 
equilibrium (i.e., f[@(p*,w)] = 0), then 
ap’/dw, < 0. 


PROOF: 
Under these conditions, (12) becomes 


as aF foxy 
pda come -—/C 0)d6 > 0 
ðw; i) | aq | a| f @)d0 > 


and (11) yields the result. 
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Intuitively, when all firms are earning 
positive rents, a “small” increase in a factor 
price will not lead to the exit of any firms, 
although all will have lower profits. Thus 
the expansion of each firm’s output result- 
ing from an increase in the price of an in- 
ferior factor is directly translated into an 
outward shift of the industry supply curve, 
resulting in a lower equilibrium price. 

It is important to point out that the com- 
petitive equilibrium which we analyze is 
well-defined even when there are no mar- 
ginal firms. Equation (5) merely serves to 
identify the level of 0 below which market 
participation is unprofitable. Equation (8), 
which characterizes industry equilibrium, 
remains perfectly well defined even if f(0) = 
0 over wide ranges. Notice also that Propo- 
sition 2 remains valid even if all (infra- 
marginal) firms are identical.’ Thus it is not 
the assumption of identical firms which 
drives the results of the new long-run theory 
of the firm, but-rather the assumption that 
all firms are marginal. 


IV. On the Choice of Welfare Measures 


Recently, there has arisen a literature on 
the measurement of the social benefits re- 
sulting from an input price change. Under 
the assumption of identical perfectly com- 
petitive firms, all of which are marginal, 
welfare effects can be equivalently measured 
as the change in consumer’s surplus in 
either the (relevant) input market or the 
final product market (see Anderson). 

We show that this equivalence vanishes 
when there are inframarginal firms. We be- 
gin by demonstrating, in the context of the 
present model, that welfare changes can be 
measured as changes in the area under the 
industry factor demand curve. 


PROPOSITION 3: The partial derivative of 
welfare with respect to the jth input price is 


8Since all integrals used in the analysis can be 
viewed as Stieltjes integrals, f(@) need not be contin- 
uous and may in fact have all its mass at a single 
point. 
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exactly equal to the negative of industry de- 
mand for that input. 


PROOF: 
We take as our welfare measure the sum 


of producer’s and consumer’s surpluses in 
this industry.’ Thus 


as) we f ” D(p)dp 
p(w} 


+ e(w)q*[p°(w), w, 0] 
1 PeR {p (w)q*[ p(w), w 
— C(q*,w,0)} f(0)d0 


Differentiating (13) with respect to the jth 
input price yields 


ow ap’ 
14) — <= D(p* 
(14) aw, O°) ow, 


fie- 


+q* 2 c.} f(6)d0 
i 

— [p*(w)q*[ p(w), w, a) , 

_ ay (ay | 29 Ope, 98 

coat m1 FE e+ i 


J 


Upon substituting (1), (2), (5), (8), and (9) 
into (14), we have 


EO 
= -X,(w) 


where X;(w) is the industry factor demand 
function.!° 


9 We shall not be concerned with the effects on the 
industry actually producing the input. One might as- 
sume that the input is imported or that it is produced 
by a competitive industry with a perfectly elastic 
supply curve. In such cases a change in input price 
has no subsidiary effects on (domestic) welfare. 

'0Notice that this industry input demand curve 
X;(w) is of the “reduced form” variety because all 
endogenous variables, such as output price and the 
number of firms, have been eliminated as arguments. 
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It is clear from (15) that an input price in- 
crease always reduces welfare. To calculate 
the welfare cost of any finite increase, it is 
necessary to integrate (15); thus the welfare 
change can be measured as the area under 
the industry’s input demand curve." All 
that is required to demonstrate that this 
change cannot in general be equivalently 
measured as the change in consumer’s sur- 
plus in the output market is to recall 
Proposition 2, which states that the equi- 
librium output price may actually fall when 
the price of an inferior input increases. In 
such a case, the surplus of final consumers 
would actually increase, but we know, via 
(15), that total welfare must decrease. In 
general, the change in the surplus of final 
consumers will equal the total welfare 
change only when there is no profit effect; 
this can occur only when there are no in- 
framarginal firms.’ 


V. Conclusion 


A perfectly competitive industry may ex- 
hibit a rising supply curve and inframarginal 
firms, even in long-run equilibrium. The 
comparative statics behavior of such in- 
dustries may be qualitatively quite different 
from that of competitive industries with 


1! Equation (15) and its subsequent integration can 
also be derived from a model with identical marginal 
firms, thereby allowing welfare changes to be mea- 
sured in the input market in that case as well. 

12Note that we have shown that the equivalence 
does not even hold locally. Thus the discrepancy is 
not due to the inequality of consumer’s surplus and 
the compensating variation for finite changes; an issue 
discussed by Anderson. As is well known, the deriva- 
tives of the two measures are equal. 
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horizontal supply curves. In particular, 
when there are inframarginal firms, we have 
shown that an increase in the price of a fac- 
tor of production may actually result in a 
reduction in the equilibrium output price. 
A direct implication of this result is that the 
change in consumer’s surplus in the output 
market will not, in general, accurately 
measure the welfare effects of a change in 
input prices. 
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The Productivity of Foreign Credits to the Soviet Economy 
FRANKLYN HoLzMan, Russian Research Center (Harvard) and Tufts University 
A Theory of the Persistent Hard-Currency Shortages of Centrally Planned Economies 
STEVEN RoSEFIELDE, University of North Carolina 
East-West Trade and Postwar Soviet Economic Growth: A Sectoral Production Function 
Approach 
Discussants: E>warp HEWETT, University of Texas 
MICHAEL DOLAN, Queens College 


10:15 A.M. BEHAVIOR UNDER UNCERTAINTY 
Presiding: JaMES R. MEGINNIss, Claremont Graduate School 
Papers: MATTHEW BLACK, Mathematica Policy Research 
Empirical Test of the Impact of Future Income Uncertainty on Saving Decisions 
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JACOB PAROUSH AND NAVA Kanana, Bar-Ilan University 
Price Uncertainty and the Cooperative Firm 
STEPHEN MCCAFFERTY, Ohio State University 
Optimal Wage and Layoff Policies in Stochastic Equilibrium 
PETER LINNEMAN, University of Chicago 
An Empirical Analysis of Behavior in Markets with Risky Products 


10:15 A.M. AGING AND RETIREMENT 
Presiding: JosEPpH W. HUNT, Shippensburg State College 
Papers: ROBERT CLARK, North Carolina State University, AND JOSEPH J. SPENGLER, Duke Uni- 
versity 
Eccnomic Implications of Population Aging 
RICHARD V. BuRKHAUSER, University of Wisconsin, AND JOHN A. TURNER, Social Security 
Administration 
Life Cycle Welfare Costs of Social Security 
THAD W. MIRER, State University of New York-Albany 
The Wealth-Holding Behavior of the Aged 
Discussant: JosepH W. HUNT, Shippensburg State College 


10:15 A.M. ECONOMIC ANALYSIS IN AN LDC CONTEXT 
Presiding: BANKEY L. SHARMA, Jackson State College 
Papers: MAXWELL J. Fry, Bogazici University 
Turkey’s Upward-Sloping Phillips Curve 
Prem S. Laumas, Northern Illinois University 
A Cross-Section Study of Business Demand for Liquid Assets in an Underdeveloped Economy 
KATRINE W. Saito, World Bank, AND PARTHASARATHI SHOME, American University 
The Impact of Social Security Institutions on Resource Mobilization and Allocation: The 
Asian Experience 
C. MICHAEL HENRY, New Brunswick, NJ 
Economics of Adoption of New Farm Technology: The Case of The Guyanese Rice Indus- 
try 
Discussants: MARTIN SCHNITZER, Virginia Polytechnic Institute and State University 
BANKEY L. SHARMA, Jackson State College 
RICHARD S. THORN, University of Pittsburgh 


10:15 A.M. THE Economic ANALYSES OF HospiTaLs (Joint Session with Health Economics Research Organiza- 
tion) 
Presiding: DONALD E. YETT, University of Southern California 
Papers: GESTUR B. Davipson, University of Minnesota 
Manpower Substitution and Hospital Efficiency 
FRANK A. SLOAN AND BRUCE STEINWALD, Vanderbilt University 
Effects of Regulation on Hospital Demand for Inputs 
JupiTH D. BENTKOVER, Arthur D. Little, Inc. 
The Impact of Inflation and Unemployment on Public Hospital Utilization 
Discussants:; LEONARD DRABEK, Bureau of Health Manpower, HEW 
RICHARD SCHLEFFLER, Institute of Medicine, National Academy of Sciences 
JOHN RAFFERTY, National Center for Health Service Research 


10:15 A.M. DISEQUILIBRIUM ESTIMATION (Joint Session with the Econometric Society) 
Presiding: RICHARD QUANDT, Princeton University 
Papers: TAKATOSHI ITO, Harvard University 
Methods of Estimation for Disequilibrium Macro-Economic Models 
MARK GERSOVITZ, Princeton University 
Estimation of Systems with Inequalities: The Two-Gap Models 
Discussant: RICHARD QUANDT, Princeton University 


2:00 P.M. SELF-SELECTED AND CENSORED SAMPLES (Joint Session with the Econometric Society) 
Presiding: JAMES J. HECKMAN, University of Chicago 
Papers: (To be announced) 


2:00 P.M. URBAN ECONOMIC ANALYSIS IN Less DEVELOPED COUNTIRES 
Presiding: JOHN R. Meyer, Harvard University ; 
Papers: GREGORY K. INGRAM, Harvard University and World Bank 
The Spatial Structure of Latin American Cities 
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Kyu Sik Leg, World Bank 
Intra-Urban Location of Manufacturing Employment in Colombia 
Epwin S5. MILLs, Princeton University 
A Comparison of Urban Density Patterns in Japan, Korea, and the United States 
WILLIAM C. WHEATON, Massachusetts Institute of Technology 
Housing Policies and Urban Markets in LDCs: Egypt 
Discussants: DENNIS CARLTON, University of Chicago 
ROGER SCHMENNER, Harvard University 
BERTRAND RENAUD, The World Bank 


2:00 P.M. THE EFFECTIVENESS OF FISCAL POLicy* 
Presiding: ALAN S, BLINDER, Princeton University 
Papers: Cart F. CHRIST, Johns Hopkins University 
Implications of the Government Budget Constraint 
Wa ter C. DOLDE, JR., Carnegie-Mellon University 
Temporary Taxes as Macro-Economic Stabilizers 
Ray C. Farr, Yale University 
On Modeling the Effects of Government Policies 
Discussants: WILLEM BUITER, Princeton University 
MICHAEL Darby, University of California-Los Angeles 
Tuomas SARGENT, University of Minnesota 


2:00 P.M. PRICING IN REGULATED INDUSTRIES 
Presiding: FRiEDA REITMAN, University of Connecticut 
Papers: JAN PAUL ACTON AND WILLARD MANNING, Rand Corporation 
Residential Energy Demand Under Time-Of-Day Pricing 
SCOTT ATKINSON, U.S. Department of Energy 
A Comparative Analysis of Two Electricity Time-Of-Day Pricing Experiments 
Georce E. Horrer, Virginia Commonwealth University 
Pricing Motor Vehicle Liability Insurance at the Margin 
A.H. STUDENMUND, Occidental College and the Transportation Systems Center (USDOT) 
A Preliminary Analysis of the Fare-Free Transit Experiment 
Discussant: FRIEDA REITMAN, University of Connecticut 


2:00 p.M. ADVERTISING AND CONSUMER SOVEREIGNTY 
Presiding: ALLEN R. FERGUSON, Public Interest Economics Foundation 
Papers: RANDALL BARTLETT, Federal Trade Commission 
Marketing Ideologies: Influencing Social Values 
KELVIN LANCASTER, Columbia University 
Advertising and Consumer Choice 
Au M. Reza, University of Pittsburgh 
Advertising’s Effect on the Marginal Propensity to Consume Out of Permanent Income 
Discussants: ZENA CooK, Public Interest Economics Foundation 
Bossy JOE CALDER, School of Business, Northwestern University 


2:00 P.M. COMPETITION AND REGULATION IN THE HEALTH CARE SECTOR (Joint Session with the Health Eco- 
nomics Research Organization) 
Presiding: Ep>warp S. MILts, Blue Cross Association and Blue Shield Association 
Papers: JosepH Newnouse, The Rand Corporation 
The Erosion of the Medical Market Place 
WiLLiaM Lynk, Blue Cross Association and Blue Shield Association 
Market Organization and the Level of Costs: A Study of Blue Cross Blue Shield Adminis- 
trative Expenses 
KEITH LEFFLER, University of Rochester 
Physician Licensure: Competition and Monopoly in American Medicine 
Discussants: MARK PauLy, Northwestern University 
WARREN GREENBERG, Federal Trade Commission 
RICHARD ARNOULD, University of Illinois 


2:00 P.M. WAGES AND EMPLOYMENT* 
Presiding: EDMUND S. PHELps, New York University 
Papers: GUILLERMO A. CaLvo, Columbia University 
Wage Theory and Unemployment 
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JouN B. TAYLOR, Columbia University 
Staggered Wage Setting in a Macro Model 
OLIVIER J, BLANCHARD, Harvard University 
Backward and Forward Solutions for Economies with Rational Expectations 
Discussants: (To be announced) 


2:00 P.M. SELECTING ENERGY STRATEGIES: THEIR IMPACT ON THE DISADVANTAGED (Joint Session with the 
National Economic Association) 
Presiding: FLouRNOY A. CoLes, JR., Vanderbilt University 
Papers: Everson A.W. Hutt, American Petroleum Institute 
Implications of U.S. Energy Policy and A Vibrant Economy for Employment Opportunities 
of Black Americans 
BERNARD E. ANDERSON, University of Pennsylvania 
Energy Policy and Black Employment Projection: A Preliminary Analysis 
LENNEAL HENDERSON, Joint Center for Political Studies 
Public Utilities and the Poor: The Socioeconomic Impact of Reform Proposals 
JOHN M. BRAZZEL AND LEON J. HUNTER, Department of Energy 
A Distributional Analysis of Trends in Energy Expenditures by Black Households 
ERNEST WILSON III, University of Pennsylvania 
The Determinants of Production and Distribution Decisions in the Energy Sector of Nigeria 
and Zaire 
Discussants: WENDELL BUTLER, Department of Energy 
CHARLES BETSEY, Congressional Budget Office 
RICHARD MORGENSTERN, Congressional Budget Office 
SHIRLEY BURGGRAF, Florida A&M University 


2:00 P.M. WHAT ECONOMISTS THINK* 
Presiding: CAROLYN BELL, Wellesley College 
Paper: J. KEARL, C. Pope, C. WHITING, AND L. Wimmer, Brigham Young University 
What Do Economists Agree On? 
Discussants: CAROLYN BELL, Wellesley College 
LEONARD SILK, New York Times 
Bruce LippKe, Weyerhaeuser Company 


2:00 P.M. More on Keynes (Joint Session with the History of Economics Society) 
Presiding: WiLLiaM O. THWEATT, Vanderbilt University 
Papers: ROBERT CLower, University of California-Los Angeles 
The End of Keynesian Economics 
Don PaTinkin, Hebrew University 
New Materials on the Development of Keynes’ Monetary Thought 
Discussants: THomas K. Rymes, Carleton University 
Don MOGGRIDGE, University of Toronto 


2:00 p.M. RECENT DEVELOPMENTS IN THE DEMAND FOR MONEY* 
Presiding: Tuomas Mayer, University of California-Davis 
Papers: Tuomas CARGILL, University of Nevada-Reno, Rene MEYER, AND ROBERT MEYER, 
University of California-Berkeley 
Stability of the Demand Function for Money: An Unresolved Issue 
CHARLES LIEBERMAN, University of Maryland 
Technological Change and Structural Change in the Demand for Money 
GILLIAN C. GARCIA AND SIMON Pak, University of California-Berkeley 
Some Clues in the Case of the Missing Money 
Discussants; JOSEPH BISIGNANIO, Federal Reserve Bank of San Francisco 
MICHAEL HAMBURGER, Federal Reserve Bank of New York 


2:00 P.M. FINANCIAL CONSEQUENCES OF INFLATION AND INFLATION Risk (Joint Session with the American 
Finance Association) 
Presiding: DUDLEY G. LUCKETT, Iowa State University 
Papers: Jonn H. MAKIN AND Maurice D. Levi, University of Washington 
Fisher, Phillips, Friedman, and the Measured Impact of Inflation on Interest 
KAJAL LAHIRI AND JUNG SOO LEE, State University of New York-Albany 
Tests of Rational Expectations and the Fisher Effect 
Mark J. FLANNERY, University of Pennsylvania 
Interest Rate Variability and Financial-Intermediary Welfare 
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8:00 P.M. 


8:00 A.M. 


8:00 A.M. 


8:00 a.m. 


8:00 a.m. 


8:00 a.m, 


Discussants: ANTHONY M. SANTOMERO, University of Pennsylvania 
ALEX CUKIERMAN, New York University 
J. Huston McCu .tocn, Boston College 


RICHARD T. ELY LECTURE* 
Presiding: RopERT M. SoLow, Massachusetts Institute of Technology 
Speaker: ALFRED E. KAHN, Chairman, Civil Aeronautics Board 
Applications of Economics to an Imperfect World 


Wednesday, August 30, 1978 


Topics IN ENVIRONMENTAL ECONOMICS 
Presiding: J. T. BRIMER, Troy, Idaho 
Papers: GARDNER BROWN, University of Washington 
Valuation of Nonmarket Natural Resources 
MALCOLM DOLE ET AL. 
Estimation of Vegetation Damage from Ambient Air Pollution 
JOHN A. SORRENTINO, JR., Temple University 
Coordinating the Effort to Abate Aircraft Noise 


New DIRECTIONS IN INDUSTRIAL ORGANIZATION* 
Presiding: SANFORD GROSSMAN, University of Pennsylvania 
Papers: STEVEN SALOP, Civil Aeronautics Board 
Strategic Entry Deterrence 
JosePH StiGLitz, Oxford University 
Information and Market Structure 
ROBERT WILLIG, Princeton University 
Multiproduct Technology and Market Structure 
Discussant: SANFORD GROSSMAN, University of Pennsylvania 


DIFFUSION OF TECHOLOGY INTO AND OUT OF THE UNITED STATES 
Presiding: SUMIYE OKUBO, National Science Foundation 
Papers: EDWIN MANSFIELD, University of Pennsylvania 
Studies of the Relationship between International Technology Transfer and R&D Expendi- 
tures by U.S. Firms 
RAYMOND VERNON, Harvard University 
The International Spread of Innovations via the Foreign Subsidiaries of U.S, Based Enter- 
prises 
W. HALDER FISHER, Battelle Memorial Institute 
Technology Transfer as a Motive for U.S. Investment by Foreign Firms 
Discussants: GARY HUFBAUER, U.S. Treasury Department 
ROLF PIEKARZ, National Science Foundation 
(To be announced) 


PROSPECTS OF AN ECONOMIC CRISIS IN THE 1980's 
Presiding: (To be announced) 
Papers: DANIEL FusFELD, University of Michigan 
The Next Great Depression 
PauL Davipson, Rutgers University 
Is Monetary Collapse in the 1980’s in the Cards? 
HELEN JuNz, Department of the Treasury 
Structural Changes and Adjustment Policies 
Discussants: LEONARD SILK, New York Times 
ALAN FERGUSON, Public Interest Economics Foundation 


URBAN DEVELOPMENT: STRUCTURING FEDERAL POLICY 
Presiding: KATHARINE C. LYALL, Department of Housing and Urban Development 
Papers: GEORGE PETERSON, The Urban Institute 
The Condition of Public Infrastructure 
Davip Puryear, The Maxwell School, Syracuse University 
Urban Development: Capital Subsidies vs. Wage Subsidies 
ELIZABETH ROISTACHER, Queens College 
Employment, Unemployment, and Migration: A Microeconomic Analysis, 1968-1976. 
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ROGER SCHMENNER, Harvard Business School 
The Location Decision of Firms 
Discussants: CHARLES Leven, Washington University 
BERNARD ANDERSON, University of Pennsylvania 
Ray SrRuyk, Department of Housing and Urban Development 


10:15 A.M. CONTROLLING INFLATION: INCENTIVES FOR WAGE AND PRICE STABILITY* 
Presiding? HENRY WALLICH, Federal Reserve Board 
Papers: LAWRENCE SEIDMAN, University of Pennsylvania 
The Role and Design of a Tax Based Incomes Policy 
DONALD NICHOLS, U.S. Department of Labor 
Similarities and Differences between TIP and Price Controls 
RICHARD SLiTOR, Economic Consultant 
Implementation and Design of Tax Based Income Policies 
Discussants: BARRY BosworTH, Council on Wage and Price Stability 
WILLIAM VICKREY, Columbia University 


10:15 A.M. SOCIAL Security: ITs FINANCING AND FUTURE* 
Presiding: ALICIA MUNNELL, Federal Reserve Bank of Boston 
Papers: A. HAEWORTH ROBERTSON, Social Security Administration 
The Financing and Future of the Social Security Program (OASDHI) 
PauL VAN Der WATER, Department of Health, Education, and Welfare 
Disability Insurance (DI) 
Uwe E. REINHARDT, Princeton University 
Medicare (HI) 
Anthony Pellechio, Harvard University 
Old Age and Survivors Insurance (OASI) 
Discussants: JOSEPH A. PECHMAN, The Brookings Institution 
MICHAEL K. TAussiG, Rutgers-The State University 


10:15 A.M. THE Economics OF OCEAN POLICY IN THE ERA OF EXTENDED JURISDICTION* 
Presiding: G1ULIO PONTECORVO, Columbia University 
Papers: JAMES CRUTCHFIELD, University of Washington 
The Economics of U.S. Ocean Policy 
PARZIVAL Cores, Simon Fraser University 
The Economics of Marine Fisheries Management in the Era of Extended Jurisdiction: The 
Canadian Perspective 
VLADIMIR KACZYNSKI, Sea Fisheries Institute, Gdynia, Poland 
The Economics of the Eastern Bloc’s Ocean Policy 
Maurice WILKINSON, Columbia University 
The Economic Analysis of Ocean Resource Problems 


10:15 A.M. RECENT DEVELOPMENTS IN THE ECONOMICS OF INFORMATION* 
Presiding: LESTER TELSER, University of Chicago 
Papers: Joun G. RILEY, University of California-Los Angeles 
Alternative Signalling Equilibrium Concepts 
STEPHEN A. Ross, Yale University 
Equilibrium and Agency 
CHARLES A. WILSON, University of Wisconsin 
Equilibrium and Adverse Selection 
Discussants: STEVEN C. SALOP, Civil Aeronautics Board 
ARTHUR Raviv, Carnegie-Mellon University 
STEVEN SHAVELL, Harvard University 


10:15 A.M. New DEVELOPMENTS IN LABOR ECONOMICS AND THEIR IMPLICATIONS FOR PoLicy Analysis (Joint 
Session with the Industrial Relations Research Association) 
Presiding: MELVIN W. Reper, University of Chicago 
Papers: James HECKMAN, University of Chicago 
Labor Supply 
DANIEL HAMERMESH, Michigan State University 
Multi-Labor Demand Functions and their Application to Policy Analysis 
R. SMITH, Cornell University 
Compensating Wage Differentials and Public Policy: A Review 
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Discussants; RICHARD FREEMAN, Harvard 
JosEPH Hotz, Carnegie-Mellon University 
EpwarbD Lazear, University of Chicago 


0:15 a.m. Housinc Demann (Joint Session with the Econometric Society) 
Presiding: EDWIN MILLS, Princeton University 
Papers: BRYAN ELLICKSON, University of California-Los Angeles 
Hedonic Theory and Housing Markets 
STEPHEN MAYO, Abt Associates 
Theory and Estimation in the Economics of Housing: Demand 
JOHN PITKIN AND JEROME ROTHENBERG, Massachusetts Institute of Technology 
Demand, Supply, and Market Interaction in a Segmented Urban Housing Market 
Discussants: DENNIS CARLTON, University of Chicago 
Henry PoLakowsky, University of Washington 
Davip SEGAL, Harvard University 


0:15 A.M. MACROECONOMICS: AN APPRAISAL OF THE NON-MARKET-CLEARING PARADIGM* 
Presiding: HERSCHEL I. GROSSMAN, Brown University 
Papers: ROBERT J. BARRO, University of Rochester 
Keynesian Economics and Other Youthful Indiscretions 
Peter Howrrt, University of Western Ontario 
Short-Run Theory With or Without Market Clearing 
HERSCHEL J], GROSSMAN, Brown University 
Why does Aggregate Employment Fluctuate? 
Discussants: JosepH Ostroy, University of California-Los Angeles 
Rosert M. SoLow, Massachusetts Institute of Technology 


0:15 a.M. ROUND TABLE ON THE ECONOMIC OUTLOOK (Joint Session with the American Finance Association) 
Presiding: BURTON G. MALKIEL, Princeton University 
Panelists: (To be announced) 


0:15 A.M. HEALTH MANPOWER RESEARCH (Joint Session with the Health Economics Research Organization) 
Presiding: LYNN E. Jensen, American Medical Association 
Papers: PauL I. FELDSTEIN, University of Michigan, AND CHARLES ROEHRIG, Policy Analysis, 
Inc. 
An Econometric Model of the Dental Sector 
CHARLES R. LINK AND RusseLL F. SETTLE, University of Delaware 
The Supply of Married Professional Nurses 
RICHARD L. Ernst, University of Southern California, JOHN S. GREENLEES, Bureau of Labor 
Statistics, AND DONALD E. YETT, University of Southern California 
U.S. and Foreign Medical School Graduates: Comparison of Initial Career Choices 
Discussants: DONALD R. House, American Dental Association 
Rosert T. DEANE, Applied Management Sciences, Inc. 
James N. HauG, American College of Surgeons 


2:00 P.M. THE ACADEMIC LABOR MARKET FOR ECONOMISTS* 
Presiding: C. ELTON HINSHAW, Vanderbilt University 
Papers: CHARLES Scott, Old Marquette University 
The Market for Ph.D. Economists: The Academic Sector 
BARBARA REAGAN, Southern Methodist University 
The Academic Labor Market for Women Economists 
Davip E. AULT, GILBERT L. PuTNaM, Southern Illinois University-Edwardsville, AND THOMAS 
STEVENSON, St. Louis University 
Efficiency in the Labor Market for Academic Economists 
Discussants: HOWARD TUCKMAN, Florida State University 
Wiliam J. Moore, University of Houston 
Marion S. BEAUMONT, California State University-Long Beach 


2:00 P.M. THE 1978 Tax BILL: A PANEL DISCUSSION 
Presiding: JOSEPH A. PECHMAN, The Brookings Institution 
Panelists: ALAN GREENSPAN, Townsend-Greenspan 
WALTER W., HELLER, University of Minnesota 
Lawrence R. KLEIN, University of Pennsylvania 
Emiv H. Sun ey, JR., U.S. Treasury Department 
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2:00 P.M. ENERGY PoLicy* 
Presiding: ALAN S. MANNE, Stanford University 
Papers: WALTER J. MEAD, University of California-Santa Barbara 
(Title to be announced) 
MICHAEL YOKELL, Solar Energy Research Institute 
Federal Policy Toward New Sources of Energy 
THOMAS LONG, University of Chicago, and LEE SCHIPPER, University of California-Berkeley 
(Title to be announced) 
Panelists: GORDON COREY, Commonwealth Edison, Chicago 
EDGAR FIEDLER, The Conference Board 
WILLIAM HOGAN, Stanford University 
Davin STERNLIGHT, Atlantic Richfield Company 


2:00 p.M. Equity: THE INDIVIDUAL vs. THE FAMILY (Joint Session with the Committee on the Status of 
Women in the Economic Profession)*. 
Presiding: ANNE FRIEDLAENDER, Massachusetts Institute of Technology 
Papers: ROBERT A. POLLAK, University of Pennsylvania, AND TERENCE WALES, University of 
British Columbia : 
Welfare Comparisons and Equivalence Scales 
MARILYN E. MANSER, State University of New York-Buffalo 
Comparing Households with Different Structures: The Problem of Equity 
CaroL T.F. BENNETT, University of Texas-Austin 
The Social Security Benefit Structure: Equity Considerations of the Family as its Basis 
Discussants: ALICIA MUNNELL, Federal Reserve Bank of Boston 
CLAIR VICKERY, University of California-Berkeley 


2:00 P.M. QUALITATIVE CHOICE (Joint Session with the Econometric Society) 
Presiding: RICHARD QuANDT, Princeton University 
Papers: DanieL MCFappkn, University of California-Berkeley 
On the Use of Probabilistic Choice Models in Economics 
JAMES HECKMAN, University of Chicago 
Statistical Models for Discrete Panel Data 
CHARLES MANSKI, Carnegie-Mellon University 
Sample Design for Discrete Choice Analysis: The State of the Art 
Discussant: Davip Wise, Harvard University 


2:00 p.m. Topics IN MACROECONOMICS 
Presiding: ROGER WILLIAMS, St. John’s University 
Papers: Davip CHARLES COLANDER, Vassar College 
The Free Market Solution to Inflation 
BRIAN A. Maris, Wright State University 
Causality Between Money and Interest Rates 
LAWRENCE S. DAVIDSON AND JOHN M. FINKELSTEIN, Indiana University 
The Macroeconomic Impact of Variable Interest Rates 
BENJAMIN WURZBURGER, Bank of Canada 
A Neo-Keynesian Model of Nominal Wage Determination in Canada 
Discussants: ROGER WILLIAMS, St. John’s University 
James E. Price, Syracuse University 
JAGDISH HANDA, McGill University 


2:00 P.M. THE ECONOMICS OF VOLUNTARY STANDARDS 
Presiding: HAROLD MARSHALL, National Bureau of Standards 
Papers: CAROL CHAPMAN, National Bureau of Standards 
Bottle Safety: A Case Study of Industrial Self-Regulation 
GARRETT VAUGHN, Senate Subcommittee on Antitrust and Monopoly 
The Business of Supplying Information: Does it Tend to Monopoly? The Case of Voluntary 
Industrial Standards 
Davip Hemenway, Harvard University School of Public Health 
The Voluntary Standards Process and the Fire Problem 
Discussants: PauL GaATons, Consumer Product Safety Council 
Barry WEINGAST, Washington University 
Ma com Getz, Vanderbilt University 
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2:00 p.m. MONETARY POLICY: ASSESSING THE BURNS YEARS (Joint Session with the American Finance As- 
sociation) 
Presiding: RICHARD C. ASPINWALL, Chase Manhattan Bank, N.A. 
Papers: WILLIAM POOLE, Brown University 
Burnsian Monetary Policy: Eight Years of Progress? 
JAMES PIERCE, University of California-Berkeley 
The Political Economy of Monetary Policy 
Discussants: JERRY JORDAN, Pittsburgh National Bank 
RAYMOND Lompra, Pennsylvania State University 
Tuomas Mayer, University of California-Davis 


8:00 P.M. PRESIDENTIAL ADDRESS 
Presiding: (To be announced) 
Speaker: TJALLING C. Koopmans, Yale University 
Economics Among the Sciences 


9:30 P.M. BUSINESS MEETING 


Thursday, August 31, 1978 


3:00 A.M. FCONOMICS AMONG THE SCIENCES 
Presiding: RoBERT SOLOW, Massachusetts Institute of Technology 
Panelists: DANIEL MCFADDEN, University of California-Berkeley 
JOHN DEUTCH, U.S. Department of Energy 


3:00 a.M. Issues OF MONETARY Poticy* 
Presiding: WILLIAM PooLe, Brown University __ 
Papers: DALE HENDERSON, Federal Reserve Board 
Monetary Policy and the Managed Float 
BenneTT McCaLLuM, University of Virginia 
The Current State of the Policy-Ineffectiveness Debate 
James Pierce, University of California-Berkeley 
A Case for Monetary Reform 
Discussants: JACOB FRENKEL, University of Chicago 
WILLIAM BRAINARD, Yale University 
FRANK Morais, Federal Reserve Bank of Boston 


8:00. A.M. ECONOMIC EDUCATION RESEARCH: ISSUES AND ANSWERS* 
Presiding: KENNETH BOULDING, University of Colorado 
Papers: BURTON WEISBROD, University of Wisconsin 
Research on Economic Education: Is It Asking the Right Questions? 
THOMAS JOHNSON, North Carolina State University 
Research on Economic Education: How Well is it Answering the Questions Asked? 
Discussants: PETER O. STEINER, University of Michigan 
Zvi GRILICHES, Harvard University 


8:0C A.M. EVALUATING THE 1977 STIMULUS PACKAGE* 
Presiding: DONALD NICHOLS, U.S. Department of Labor 
Papers: MiCHAEL L. WacuTer, University of Pennsylvania 
(Title to be announced) 
EDWARD M. GRAMLICH, University of Michigan 
(Title to be announced) 


3:00 a.m. Economic DEVELOPMENT: TRADE ASPECTS* 
Presiding: ANNE O. KRUEGER, University of Minnesota 
Papers: RONALD FINDLAY; Columbia University ; 
Economic Development and the Theory of International Trade 
HOSSEIN ASKARI, WITH JOHN CUMMINGS AND GUNTER RICHTER, Graduate School of Business 
and Center for Middle Eastern Studies, University of Texas-Austin 
The Efficiency of LDC Trading Patterns: The Iranian Experience 
VITTORIO Corso, Concordia University and Institute of Applied Economic Research 
Trade and Employment: Chile in the 1960’s 
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8:00 A.M. 


8:00 a.m. 


10:15 A.M. 
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Discussants: ROBERT BALDWIN, University of Wisconsin-Madison 
HENRY BRUTON, Williams College 
JEFFREY NUGENT, University of Southern California 


FACTORS IN RESIDENTIAL LOCATION 
Presiding: PHILLIP WEITZMAN, National Social Science and Law Project, Inc. 
Papers: HIRSCHEL KASPER, Oberlin College and Cornell University 
Toward Estimating the Incidence of Journey to Work Costs 
Barry McCormick, University of Cambridge 
Rent Control, Labor Mobility, and Unemployment 
JANICE FANNING MADDEN, University of Pennsylvania 
The Effect of Residential! Location, Job Location, and the Scheduling of Work Shifts on 
Labor Supply 
Discussant: PHILLIP WEITZMAN, National Social Science and Law Project, Inc. 


MACROECONOMIC MARTINGALES (Joint Session with the Econometric Society) 
Presiding: DANIEL O'NEILL, Georgia Institute of Technology 
Papers: DANIEL O’ NEILL, Georgia Institute of Technology 
Sources of Macroeconomic Martingales and Tests of the Martingale Property 
FREDERIC S. MISKHIN, University of Chicago 
Efficient Markets Theory: Implications for Monetary Theory 
ROBERT J. SHILLER, University of Pennsylvania 
The Volatility of Long-Term Interest Rates and Efficient Markets Theory 
Discussants: MICHAEL HAMBURGER, Federal Reserve Bank of New York 
Gary SKOOG, University of Chicago 
CHRISTOPHER SIMS, University of Minnesota 


ASPECTS OF INTERNATIONAL ECONOMICS 
Presiding: James M. HotMgs, Arizona State University 
Papers: RICHARD BERNER ET AL., Federal Reserve System 
Report on a Multicountry Model 
C. Jevons Lee, Wesleyan University 
Export and Import Functions of Small Economies: A General Equilibrium Approach 
JoserH A. Hasson, U.S. Department of Energy 
Macroeconomic Effects of the Optimal Tariff 
JEFFREY SACHS, Harvard University 
Wage Indexation, Flexible Exchange Rates, and Macroeconomic Policy 
CARL VAN DuyNng, Williams College 
The Macroeconomic Effects of Commodity Market Disruptions in Open Economies 


“RENT SEEKING” (Joint Session with the Public Choice Society) 
Presiding: ROBERT TOLLISON, Virginia Polytechnic Institute and State University 
Papers: GORDON TULLOCK, Virginia Polytechnic Institute and State University 
The Backward State 
MancuR OLSON, University of Maryland 
Rent Seeking and Growth 
TERRY L. ANDERSON AND P. J. HILL, Montana State University 
Rent Seeking in Nineteenth Century America 
Discussants: GEOFFREY BRENNAN, Virginia Polytechnic Institute and State University 
RICHARD B. MCKENZIE, Clemson University : 
Rosert E. McCormick, Graduate School of Management, University of Rochester 


ENTREPRENEURSHIP 
Presiding: J. FRED WESTON, University of California-Los Angeles 
Papers: GERALD O’ DRISCOLL, Iowa State University 
Rational Expectations and Entrepreneurship 
Mario Rizzo, New York University 
Radical Uncertainty: The Source of True Economic Profit 
ISRAEL M. KIRZNER, New York University 
Alertness, Luck, and Entrepreneurial Profit 
Discussants: T. W. SCHULTZ, University of Chicago 
J. Huston McCuLLocu, Boston College 
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.0:15 A.M. MARKETING AND TRADE STRATEGIES FOR THIRD WORLD COUNTRIES: COMPETITION AND COOPERA- 
TION (Joint Session with the National Economics Association) 
Presiding: ALEX O. WILLIAMS, University of Virginia 
Papers: STEPHANIE Y. WILSON, Abt Associates 
The Impact of a Multinational Service Agency on Industry Structure in Less Developed 


_ Countries 
GAVIN MICHAEL CHEN, U.S. Department of Commerce-OMBE, AND GERALD F. WHITTAKER, 


Chicago Economic Development Corporation 
Nationalism and Economic Development: Regional Cooperation and Economic Adjustments 
in the Caribbean 

Ernest L. Murpny, Howard University 
The Impact of Agricultural Policies on Trade and Marketing of Coffee in Haiti 

Discussants: RONALD Mutter, American University 
Tuomas D. Boston, Atlanta University 
DIANN Painter, Wellesley College 


0:15 A.M. REGIONAL COMPETITIVENESS 


Presiding: JOSEPH QUINN, Boston College 
Papers: JANET SPRATLIN YOUNG, Federal Reserve Bank of New York 
Does it Pay to Work in New York? An Examination of Migration of Workers in the Financial 


Industry 
JOHN J. SIEGFRIED, Vanderbilt University 
Minimizing AEA Convention Costs 
PEARL Kamer, Nassau-Suffolk Regional Planning Board 
The Competitiveness of U.S. Urban Areas for Manufacturing: Sunbelt vs. Nonsunbelt SMSAs 
Discussants: THomas J. KNiESNER, University of North Carolina 
Joun L. BuNGuM, University of Wisconsin 
JOSEPH QuINN, Boston College 


0:15 a.m. Law AND Economics (Joint Session with the Law and Society Association) 
Presiding: WARREN J. SAMUELS, Michigan State University 
Papers: DUNCAN KENNEDY, Harvard Law School = 
Two Phases of the Fetishism of Commodities 
DaviD TRuBEK, Law School, University of Wisconsin 
Government Regulation of Business in Capitalist Economies: Neoclassical, Weberian, and 
Marxist Approaches 
Discussants: KARL DE SCHWEINITZ, Northwestern University 
LawreNceE S. BACow, Massachusetts Institute of Technology 


0:15 A.M. INHERITANCE OF HUMAN AND NONHUMAN WEALTH AND INCOME DISTRIBUTION 


Presiding: (To be announced) 
Papers: Gian S. Sanota, Vanderbilt University, AND CaRLos A. Rocca, University of Sao Paulo 


A More Comprehensive Theory of Personal Income Distribution, a Synthesis of Becker and 


Meade 
PauL L. MENCHIK, University of Wisconsin 
Unequal Material Inheritance and Intergenerational Mobility and Intragenerational Equality 
Josepu E. StiGLITZ, Oxford University 
Inheritance, Taxation, and Wealth Inequality 
JaMES ADAMS, Iowa State University 
Human and Material Inheritance Within and Between Families 
Discussants: Gary S. BECKER, University of Chicago 
HaROLD Watts, Columbia University 
Finis WELCH, University of California-Los Angeles and Rand Corporation 


PauL TAUBMAN, University of Pennsylvania 


0:15 A.M. EFFECTS OF INFLATION UNCERTAINTY 
Presiding: Ropert Lucas, University of Chicago 


Papers: RICHARD BOOKSTABER, Boston University 
The Use of Authority Induced Uncertainty as a Tool of Monetary Policy 


ALEX CUKIERMAN AND PAUL WACHTEL, New York University 
Differential Inflationary Expectations 
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Maurice D. Levi, University of British Columbia, anD Jonn H. MAKIN, University of Wash- 
ington 
Expectational Processes and Nonneutrality of Monetary Disturbances 
Discussants: WILLIAM POOLE, Brown University 
OLIVIER BLANCHARD, Harvard University 


10:15 A.M. REGULATION OF NursinG Homes (Joint Session with Health Economics Research Organization) 
Presiding: LINDA A. SIEGENTHALER, National Center for Health Services Research 
KENNETH L. HAMILTON, Georgia Institute of Technology 
Mandatory Medicare Participation for Medicaid Certified Nursing Homes: Cost-Benefit 
Policy Analysis 
CHRISTINE BISHOP AND HOWARD BuRNBAUM, Abt Associates 
Government Regulation of Nursing Homes: The Case of Prospective Reimbursement 
Patricia REAGAN, Massachusetts Institute of Technology 
Regulating The Nursing Home Industry: Some Unanswered Questions 
Discussants: DouGas E. SKINNER, Applied Management Sciences, Inc. 
JOHN S. GREENLEES, U.S. Bureau of Labor Statistics 
PAuL B. GINSBURG, Duke University 


10:15 A.M. QUESTIONS OF DISCRIMINATION 
Presiding: Ropert A. Morritt, Mathematic Policy Research, Inc. 
Papers: James F. RAGAN, Kansas State University, AND SHARON P. Situ, Federal Reserve Bank 
of New York 
Are Sex Differences in Layoff Rates Accompanied by Compensating Pay Differentials? 
Marx R. KILLINGSWoRTH, Barnard College 
Racial and Institutional Differentials in Faculty Salaries in Public Institutions of Higher Edu- 
cation in Tennessee f 
MASANORI HASHIMOTO AND Levis A. Kocuin, University of Washington 
A Bias in Estimating Racial Differences 
Discussants: ROBERT A. Morritt, Mathematica Policy Research, Inc. 
PETER GOTTSCHALK, Bowdoin College 


10:15 A.M. THE CHANNELS OF INFLUENCE OF TOBIN-BRAINARD’S. “Q” ON INVESTMENT (Joint Session with the 
American Finance Association) A 
Presiding: MICHAEL A. KLEIN, Indiana University: ` 
Papers: Joun CiccoLo, Boston College, anD GARY ‘FROMM, SRI International 
“q” and the Theory of Investment 7 
BuRTON G. MALKIEL, Princeton University, GEORGE M. VON FURSTENBERG AND Harry S. 
WATSON, Indiana University 
Industry ‘‘g’s”, Corporate Investment, and Wage and Price Changes 
Discussants: MICHAEL C. LoveLL, Wesleyan University 
RUSSELL SHELDON, U.S. Department of Commerce 


Editor’s Note: 
*Papers from sessions marked with an asterisk will be published in the Papers and Pro- 
ceedings issue of this Review. 


ERA and the Site of Annual Meetings 


A LETTER TO THE MEMBERS OF THE 
AMERICAN ECONOMIC ASSOCIATION 


From Tjalling C. Koopmans, President 


Over four hundred persons have written 
(or signed) letters to me about the plans of 
the American Economic Association to 
hold its meetings in 1978 and 1979 in states 
tha: have not ratified the Equal Rights 
Amendment (ERA) to the U.S. Constitu- 
tion. A large majority of them objected to 
these plans, although some urged dis- 
regarding ERA in site selection. Upon con- 
sultation with President-elect Robert 
Solow, I have thought that the intense in- 
terest in the subject expressed in the cor- 
respondence warranted reconsideration by 
the Executive Committee at its meeting on 
March 17, 1978. 

Unable to write individual replies to all 
the communications I have received, I wish 
to give a report on the way the Executive 
Committee reached its decision of March 
17 and the reasons behind it. 

The original decisions to meet in Chicago 
in August 1978 and Atlanta in December 
1979 were made in 1971 and 1973 when 
even in retrospect it is hard to see how ERA 
could have been taken into account. Ac- 
cording to the most recent report of the 
Secretary, the schedule for subsequent 
meetings is September 1980 in Denver, and 
December 1981 in Washington, D.C. For 
1982 the site will be New York. Tentative 
plans are to hold the 1983 meetings in San 
Francisco. 

The question of changing the sites for 
1978 and/or 1979 was first discussed in the 
Executive Committee at its meeting on 
December 27, 1977. According to the min- 
uies of that meeting, 


On behalf of the Committee on the 
Status of Women in the Economics 
Profession and other concerned mem- 
bers of the Association, Friedlaender 
proposed that the Association change 
the sites for the 1978 and 1979 meet- 
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ings because they are currently sched- 
uled for States (Illinois and Georgia) 
which have not ratified the Equal 
Rights Amendment to the U.S. Con- 
stitution. Counsels Turner and Ras- 
kind advised that such an action 
would conflict with Article 3 of the 
Association’s Certificate of Incorpo- 
ration—‘“‘The Association as such will 
take no partisan attitude,...”’ 
After a consideration of the possible 
economic and legal consequences of 
moving the sites, it was moved that 
immediate inquiries be made to de- 
termine the feasibility and desirability 
of withdrawing from Atlanta in 1979, 
The motion failed. It was understood 
that this action did not imply any 
position on the Equal Rights Amend- 
ment. 


The vote not to take action evoked the 
communications which led to the further 
consideration on March 17. The following 
summary of the discussion includes almost 
verbatim the paragraphs from the draft 
minutes for this agenda item as circulated 
for approval to the Executive Committee 
members by the Secretary. Ann Fried- 
laender and Susan Rose-Ackerman, attend- 
ing the meeting as guests, proposed that the 
Executive Committee (1) explore the pos- 
sibility of moving the Atlanta meetings to a 
state that has ratified ERA and (2) issue a 
statement to the effect that after 1979 the 
Association will not meet in states that have 
not ratified the ERA so long as passage of 
the Amendment is a live issue. 

After the guests made their presentation 
and responded to questions, the Executive 
Committee discussed the subject at length. I 
distributed a tabular summary of the mes- 
sages received through March 15. A further 
condensation of this summary is appended. 
I also append a straddling sample of four of 


494 THE AMERICAN ECONOMIC REVIEW JUNE 1978 
SUMMARY OF LETTERS RECEIVED THROUGH Marcu 15, 1978 
Number of Only Want 
Signatures Oppose No Meetings in Want to Will Not 
by Type of Meeting in Nonratifying Ignore ERA Want Come to 
Letter and Sex Chicago or States in Site Oppose Poll of Chicago or 
of Signatory Atlanta Thereafter MITa Selection ERA Members Atlanta 
o) (2) 3) (4) (5) (6) (7) (8) 
Individual 
57 Women 40 9 7 3 9 if 
28 Men 24 - 3 1 2 1 
3 Unidentified 1 1 1 - 1 - 
88 Total 65 10 11 4 12 2 
Collective 
(26 Letters) 
94 Women 89 3 i l 16 
224 Men 176 l1 22 15 39 
25 Unidentified 21 - 4 - 5 
343 Total 286 14 27 16 60 
All Letters 
151 Women 129 12 1 8 3° 25 1 
252 Men 200 ll 22 18 1 4i 1 
28 Unidentified 22 l 4 1 - 6 - 
4 72 2 


431 Total 351 24 27 27 


Note: (1) = (2) + (3) + (4) + (5) + two individual letters under (7). 


4Position defined in attached collective letter. 


the letters, two individual and two collec- 
tive ones, selected for possessing in varying 
degrees the merits of brevity, articulateness, 
moderation, and effective advocacy of the 
position supported. The two collective let- 
ters were read aloud at the meeting. All 
letters were available for the members of 
the Executive Committee to inspect for 
themselves. 

As far as could be told from the ensuing 
discussion, there was full agreement on two 
points: it was too late to change the site of 
the meetings scheduled for August 29-31, 
1978, in Chicago; and the provision in the 
charter forbidding the Association from 
taking a position on partisan issues was 
.wise. 

Those members favoring a move out of 
Atlanta and a policy of refusing to meet in 
states that have not ratified ERA expressed 
the view that the commitment to meet in 
Atlanta may not be a firm contractual ob- 
ligation, that the likelihood of the Atlanta 
hotels bringing a lawsuit under the laws of 


contract or the antitrust laws was minimal, 
that the Association could take into ac- 
count the preferences of its members as to 
meeting sites without violating its charter 
(i.e., without taking a position on ERA it- 
self), that meeting in Atlanta might dis- 
courage attendance by young women econ- 
omists most in need of the benefits of 
attending or put them in the awkward 
position of compromising their principles, 
that meeting in Atlanta would be incon- 
sistent with the position taken by the As- 
sociation in favor of equal treatment of 
women in the economics profession, that 
ERA is not controversial within the As- 
sociation and has been ratified by states 
with 70 percent of the population of the 
United States, that the Association can 
most effectively make known the position 
of its members on ERA by refusing to meet 
in states that have not ratified it, and that 
in view of the number of associations that 
have taken stands of the kind being pro- 
posed for the AEA, failure to act in this 
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way would be construed as a negative po- 
sition on ERA itself. 

Opposition to the proposals centered on 
three arguments: that it is illegitimate for 
the Association to use economic pressure 
to bring about political change, that adop- 
tion of the proposals would be taken as 
endorsement by the AEA of ERA, ie., 
would constitute taking a position on a po- 
litical issue, and that selecting sites to fur- 
ther a political measure would set a 
dangerous precedent. It appeared from the 
discussion, however, that there was con- 
siderable agreement that the Association 
in future selection of meeting sites should 
take account of the preferences of its 
members, regardless of how they have been 
arrived at. 

After thorough discussion, the Executive 
Committee by a decisive majority voted to 
take no action regarding Chicago or At- 
lanta but to consider how and to what ex- 
tent members’ preferences concerning site 
selection could be taken into account in the 
future. 

In the chair I limited my participation in 
the discussion to matters of procedure and 
clarification, and to confining the flow of 
discussion to one speaker at a time. I also 
did not vote, holding myself in reserve for 
the event of a tied vote. Having been spared 
that agony by a substantial margin, allow 
me here to express my concern about a pos- 
sible self-imposed obligation of the AEA to 
take account of all “preferences of mem- 
bers regardless of how arrived at.” The 
danger of proliferation of such issues is 
described with verve in the letter of Mary 
Alice Shulman. Briefly, I am concerned 
about the possible use of the Association 
as an instrument for the achievement of 
goals that, however desirable they may be, 
go far beyond those to which the Associa- 
tion is dedicated. Such a development is 
likely to diminish the effectiveness of the 
Association with regard to its own distinc- 
tive goals. 


TJALLING C. KOOPMANS, President 
April 10, 1978 
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A Sample of Two Individual and 
Two Collective Letters 


1. This letter is in regard to AEA 
choices of annual meeting sites and times. 
While the AEA should strive to be apoliti- 
cal, by its very nature it should also be 
exemplar in its posture relative to certain 
basic values. If efficiency to economists is a 
prime good, then the underlying basis must 
surely be the normative position that at- 
tempts to improve the potential lot of 
people on this earth are worthwhile. Having 
annual meetings in the states of Illinois and 
Georgia, it seems to me, has as much poli- 
tical overtones as not holding meetings in 
these places. In either case, an example is 
set. And, in any case, the views of AEA 
rank and file membership should be re- 
flected through known consent to both 
location sites and seasons. I request that 
the development of a process for this reflec- 
tion get high priority in association future 
business. 

In the meantime, I appreciate the some- 
what landlocked situation of the 1978 AEA 
annual meeting in Chicago, although I 
think it is deplorable. But the 1979 Atlanta 
meeting surely demands rethinking. AEA 
patronage of states which patently ignore 
the vital necessity of continued vigilance in 
the apparently never ending march to se- 
cure human rights, seems unnecessary, as 
well as inappropriate. 

Signed: MiETZL MILLER, Department of 
Economics, Lamar University, 
February 8, 1978 


2. I do not agree with CSWEP that the 
American Economic Association should 
cancel conventions in states which have not 
ratified ERA. I strongly support ERA but 
believe this kind of boycott action accom- 
plishes little and injures many innocent 
third parties, some of whom may them- 
selves be ERA supporters. 

Additionally, this proposed action would 
set a dangerous precedent to locate future 
conventions on the basis of whether the 
state had a clean bill of health on political 
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issues of interest to some portion of our 

membership—migrant worker rights, abor- 

tion laws, labor laws, civil liberty issues, 

etc., etc., etc. I urge you to reject this mis- 

guided proposal. 

Signed: MARY ALICE SHULMAN, Depart- 
ment of Economics, Northwestern 
University, February 12, 1978 


3. I suppose because of my position 
as chairman, I was sent a copy of the 
CSWEP letter urging that the AEA, at 
least in the future, discriminate in its choice 
of meeting sites against cities that happen to 
be located in states that have not ratified 
the Equal Rights Amendment. 

The letter contains no suggestion that 
our members will suffer indignities, or that 
they will not be accorded the same rights 
and freedoms that they have in other states. 
There is thus no parallel to the situation 
that used to prevail with respect to certain 
cities in the South, which could properly 
(at the time) be boycotted in defense of the 
personal dignity of black and other dark 
skinned (e.g., Indian) members of the 
Association. 

The only reason to consider a state’s 
stance on ERA as having any bearing on 
the location of the AEA meetings is politi- 
cal. I believe that the Executive Committee 
acted properly in refusing to “‘explore can- 
celling the Chicago or Atlanta meetings or 
to make a formal statement that future con- 
ventions will not be held in states that have 
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not ratified ERA” on the ground that poli- 

tical action is prohibited by the Associa- 

tion’s Charter. I hope that the Association 

will continue in the future to follow the 

wise example of the Executive Committee. 

Signed: ARNOLD C. HARBERGER and eight 
cosigners, Department of Eco- 
nomics, University of Chicago, 
February 10, 1978 


4. Weare distressed that the American 
Economic Association is holding its next 
two meetings, respectively, in Illinois and 
Georgia, neither of which has ratified the 
Equal Rights Amendment. While we realize 
that it is probably too late to change the 
Chicago meeting, we think that the Asso- 
ciation should explore the possibility of 
changing the Atlanta meeting. In addition, 
we think that the Association should make 
a formal statement that it will not hold fu- 
ture conventions in states that have not 
ratified ERA. While we recognize that the 
Association is constrained by its by-laws 
and contractual obligations, we understand 
that many other associations (most notably 
the AAAS) have managed to change their 
meeting sites, and we urge the American 
Economic Association to take a positive 
stance on this important issue. 

Signed: PAuL A. SAMUELSON and twenty- 
six cosigners, Department of Eco- 
nomics, Massachusetts Institute of 
Technology, March 9, 1978 


ANNOUNCEMENTS 


The ninety-first annual meeting of the American 
Economic Association will be held in Chicago, IL, 
August 29-31, 1978. Please note that there will not be 
an Employment Center at the August meetings. 


Tne 1978 Employment Center will be held De- 
cember 28-30 at the Conrad Hilton in Chicago, 
Illinois. Operating hours will be December 28, 
10:CO a.m.—5:00 P.M., December 29th and 30th, 
9:00 a.m.-5:00 P.M. Hotel reservation cards will be 
mailed to you upon receipt of your placement form. 

Requests for placement forms should be made to 
Ms. Kathy Nichols, National Registry for Econo- 
mists, Illinois State Employment Service, 40 West 
Adams Street, Chicago, IL 60603 between September 1 
and November 15. Note: No forms will be mailed 
prior to September; however they will be available 
at the American Economic Association booth at the 
annual meeting. Completed forms must be returned 
by December 1. You do not have to attend the meet- 
ing to have your listing on file. There is no regis- 
tration fee. 


Resolutions for Consideration at the 
Annual Business Meeting 


The Executive Committee at its meeting on March 
8, 1974, voted to require that, to be considered at the 
annual business meeting, proposed resolutions must be 
submitted to the Secretary at least one month in ad- 
vance in writing with signatures of the proposer and 
the second, both of whom must be members in good 
standing. The Secretary will reproduce the proposed 
resolutions and make copies available in advance of 
the meeting. The next business meeting will begin at 
9:30 P.M. on August 30, 1978. The deadline for pro- 
posed resolutions is accordingly July 30. They should 
be sent to the Secretary, American Economic Associa- 
tion, 1313 21st Avenue South, Nashville, Tennes- 
see 37212. 


Nominations for AEA Officers 


The Electoral College on March 17 chose Moses 
Abramovitz as nominee for President-Elect of the 
American Economic Association in the balloting to be 
held in the autumn of 1978. Other nominees (chosen 
by the nominating committee) are: for Vice-President 
(two to be elected), Hollis B. Chenery, Arnold C. 
Harberger, Jack Hirshleifer, and Irma Adelman; for 
members of the Executive Committee (two to be 
elected), Henry J. Aaron, Samuel Bowles, Zvi 
Griliches, and Daniel McFadden. 

Under a change in the bylaws as described in the 
Papers and Proceedings of this Review, May 197}, 
page 472, additional candidates may be nominated by 
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petition, delivered to the Secretary by August I, in- 
cluding signatures and addresses of not less than 6 per- 
cent of the membership of the Association for the 
office of President-Elect, and not less than 4 percent 
for each of the other offices. For the purpose of 
circulating petitions, address labels will be made 
available by the Secretary at cost. 


1979 Nominating Committee of the AEA 


In accordance with Section IV, paragraph 2, of the 
bylaws of the American Economic Association as 
amended in 1972, President-Elect Robert Solow has 
appointed a Nominating Committee for 1979 consist- 
ing of Franco Modigliani, Chairman; Andrew 
Brimmer, Rachel Chamberlain, George Daly, Hirschel 
Kasper, John Riley, and Sherwin Rosen. Attention of 
members is called to the part of the bylaw reading, 
“In addition to appointees chosen by the President- 
Elect, the Committee shall include any other member 
of the Association nominated by petition including 
signature and addresses of not less than 2 percent of 
the members of the Association, delivered to the 
Secretary before December 1. No member of the As- 
sociation may validly petition for more than one 
nominee for the Committee. The names of the Com- 
mittee shall be announced to the membership im- 
mediately following its appointment and the member- 
ship invited to suggest nominees for the various 
offices to the Committee.” 


Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings held 
outside the United States, Mexico, and Canada that 
are concerned with the humanistic aspects of their 
discipline are eligible to apply for small travel grants 
of the American Council of Learned Societies. Finan- 
cial assistance is limited to air fare between major 
commercial airports and will not exceed one-half of 
projected economy-class fare. Social scientists and 
legal scholars who specialize in the history or philos- 
ophy of their disciplines are eligible if the meeting 
they wish to attend is so oriented. Applicants must 
hold a Ph.D. degree or its equivalent, and must be 
citizens or permanent residents of the United States. 
To be eligible, proposed meetings must be broadly 
international in sponsorship or participation, or both. 
The deadlines for applications to be received in the 
ACLS office are: meetings scheduled between July and 
October, March 1: for meetings scheduled between’ 
November and February, July 1: for meetings sched- 
uled between March and June, November |. Please 
request application forms by writing directly to the 
ACLS (Attention: Travel Grant Program), 345 East 
46th St., New York, NY 10017, setting forth the name, 
dates, place, and sponsorship of the meeting, as well 
as a brief statement describing the nature of your 
proposed role in the meeting. Even when plans are 
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incomplete, a prospective applicant should request 
forms in advance of the cut-off date, since deadlines 
are firm and no exceptions are permitted. Awards will 
be announced approximately two months after each 
deadline. 


There will be a session at the 1978 Economic His- 
tory Association meetings in Toronto, Ontario, 
September 14-16, devoted to reports on dissertation 
research by six to eight students who will receive their 
Ph.D. in economic histozy by the end of the summer 
1978. The session will be handled by a committee con- 
sisting of Professors Michelle McAlpin, Mary Yaeger, 
and Claudia Goldin, Chairperson. Individuals wish- 
ing to be considered for participation should send two 
copies of a 2,000 word abstract of their dissertation 
by July 15, 1978 to Professor Claudia Goldin, De- 
partment of Economics, Princeton University, Prince- 
ton, NJ 08540. The names of those selected will be 
announced by August 1. 


The North American Economic Studies Association 
will meet December 28-29, 1978, in Mexico City. The 
meeting will be hosted by La Universidad de las 
Americas, A.C. Papers on all aspects of the economics 
of the nations of North America including the Carib- 
bean Islands will be considered for inclusion on the 
program. Papers in either English or Spanish are wel- 
come. Economists who wish to present papers or to 
serve as session chairpersons or discussants may con- 
tact Dr. Joseph Horton, Department of Economics 
and Business, Slippery Rock State College, Slippery 
Rock, PA 16057, or Dr. J. Hodgson, Centro de 
Estudios Universitarios, Universidad de las Americas, 
A.C, Hamburgo 250, Mexico 6 D.F. Mexico. To be 
considered for inclusion on the program, abstracts of 
papers must be received by July 31, 1978. 


The jointly sponsored Ford and Rockefeller Foun- 
dations’ Research Program is interested in receiving 
proposals focusing on population policy as it relates to 
social and economic develapment. Of particular inter- 
est to this year’s program are proposals that may help 
in closing the gap between research and policy plan- 
ning on development issues. Submissions are encour- 
aged on a broad range of topics. Research areas are, 
for example: (1) interrelation of population policies 
and other development policies, particularly with 
respect to food, energy, and employment; (2) impact 
of government programs in such areas as rural devel- 
opment, health, education, housing, social security, 
and transportation on rural to urban migration and/or 
fertility; (3) interrelations among infant and child 
mortality, nutrition, age at marriage, socioeconomic 
factors, and fertility; (4) simulation of the economic, 
social, and/or demographic consequences of alterna- 
tive population and development policies at various 
levels of assumed effectiveness; (5) policy implications 
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of internal and international migration trends. The 
deadline for submission of proposals is July 1, 1978, 
and awards will be announced in December. The pro- 
posed research may begin on or after Jan. 1, 1979. 
For further program information, write to The Ford 
and Rockefeller Foundations’ Research Program on 
Population and Development Policy, The Ford Foun- 
dation, 320 East 43rd Street, New York, NY 10017. 


Members of the NBER-NSF Seminar on Bayesian 
Inference in Econometrics and Statistics announce the 
1978 Leonard J. Savage Award of $500 for an out- 
standing doctoral dissertation in the area of Bayesian 
econometrics and statistics. To be considered, a doc- 
toral dissertation must be submitted by the disserta- 
tion supervisor before July 1, 1978, accompanied by 
a short letter from the supervisor summarizing the 
main results of the dissertation. Dissertations com- 
pleted after January 1, 1975 are eligible to considered, 
An evaluation committee will be appointed by the 
board of the Leonard J. Savage Memorial Trust Fund 
(S. E. Fienberg, S. Geisser, J. B. Kadane, E. E. 
Leamer, J. W. Pratt, and A. Zellner, chairman) to 
evaluate submitted dissertations. Contact Professor 
Arnold Zellner, Graduate School of Business, Uni- 
versity of Chicago, 5836 S. Greenwood Avenue, 
Chicago, IL 60637. 

The winner of the 1977 Savage Award is Charles 
Holt, University of Minnesota, whose doctoral dis- 
sertation, “Bidding for Contracts,” was completed at 
Carnegie-Mellon University. Honorable mention was 
given to Robert Shore, “A Bayesian Approach to the 
Spectral Analysis of Stationary Time Series,” com- 
pleted at Carnegie-Mellon University. The 1977 evalu- 
ation committee was R. E. Kihlstrom, chairman, 
C. Barry, E. E. Leamer, R. A. Olshen, and J. W. Pratt. 


The British Politics Group (BPG) intends to issue 
the third edition of its Register of Current Research 
in early 1979. The research Register lists ongoing work 
on any aspect of British politics. Scholars who are not 
members of BPG but who wish to be included in the 
Register should contact William D. Muller, Editor, 
BPG Research Register, c/o Political Science De- 
partment, State University of New York, Fredonia, 
NY 14063. Copies of the Register will be sent to mem- 
bers of the BPG in early 1979. Nonmembers may pur- 
chase a copy from Jorgen Rasmussen, Executive Sec- 
retary BPG, c/o Political Science Department, lowa 
State University, Ames, Iowa 50011. 


The directors of the Harold Innis Foundation are 
establishing a clearing house for studies relating to 
Harold Innis and his work. To this end, the directors 
are soliciting names of scholars interested in the work 
of Innis, and copies of or references to any material, 
completed or in progress, related to Innis’ work. They 
are concerned with his interest in Canadian economic 
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history, political economy, and the history of com- 
munications, The clearing house will in future provide 
a central resource for scholars working in all of these 
spheres. Address suggestions to the Innis Founda- 
tion, c/o Innis College, University of Toronto, To- 
ronto, Ontario, M5S 1J5. 


The Journal of Post Keynesian Economics is com- 
mitted to the principle that the cumulative develop- 
ment of economic theory is possible only when the 
theory is continuously subject to challenge, both in 
terms of its ability to explain the real world and to 
provide a reliable guide to public policy. Post Keynes- 
ian economics is to be broadly interpreted, spotlight- 
ing new problems and revealing new theoretical pros- 
pectives; this view is consonant with Keynes’ vision 
of the open-ended nature of economic study. An ob- 
jective of the JPKE is the encouragement of publica- 
tion by younger members of the profession. For in- 
formation on submission of manuscripts, write to 
Professor Paul Davidson, Rutgers University, Winants 
Hall, Rm 105, New Brunswick, NJ 08903. 


The Conference Group on Nordic Society is con- 
tinuing its efforts to locate all individuals interested in 
social science research and teaching on the Scandina- 
vian countries. A second wave of questionaires is 
currently being circulated to individuals actively en- 
gaged in research and teaching. The questionaire is 
designed to construct a revised directory of published 
and current research. If you teach or do social science 
research on Scandinavia and have not received a copy, 
please write for a questionaire. Write if you are only 
interested in securing the current Directory, or find- 
ing out about visiting lecturers, research opportuni- 
ties, and workshops. Address ail inquiries to Profes- 
sor Robert B. Kvavik, University of Minnesota, 
Department of Polical Science, 267 Nineteenth 
Avenue, South, 1414 Social Sciences Bldg., Min- 
neapolis, MN 55455 


Saitama University announces the opening of a 
visiting foreign professor chair at its Institute for 
Policy Science during the academic year 1978-79. 
Those interested in applying should write to Mizuho 
Ogawa, Director, Institute for Policy Science, Saitama 
University, Urawa, Saitama 338, Japan. This an- 
nouncement was supplied by the Council for Interna- 
tional Exchange of Scholars, Suite 300, Eleven Dupont 
Circle, Washington, D.C. 20036 (202 + 833-4950). 


The Sixth Annual History of Economics Society 
Conference will be held at the University of Illinois, 
May 24-26, 1979. All communications should be sent 
to Professor Royall Brandis, Department of Eco- 
nomics, University of Illinois, Urbana, IL 61801. The 
purpose of the History of Economics Society is to 
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promote interest and inquiry into the history of eco- 
nomics and related parts of intellectual history. Infor- 
mation about membership in the Society, which may 
be combined with a reduced-price subscription to the 
journal History of Political Economy, can be obtained 
from James L. Cochrane, Secretary-Treasurer, History 
of Economics Society, Department of Economics, 
University of South Carolina, Columbia, SC 29208. 


Fellowship Announcement 


The Latin American Program of the Woodrow 
Wilson International Center for Scholars will award 
about five postdoctoral fellowships in 1979 for re- 
search by social scientists and humanists on Latin- 
America, the Caribbean, and inter-American affairs. 
Interest centers on a number of central themes: the 
interplay between the international economic order 
and domestic political and economic choices in Latin 
America and the Caribbean; the nature and evolution 
of U.S.-Latin American relations, and Latin Amer- 
ica’s international role; the causes and dynamics of 
authoritarianism in Latin America; the interplay 
between cultural traditions and political institutions 
in the region; the history of ideas in Latin America 
as they bear on contemporary public policy choices; 
and the dynamics and viability of alternative develop- 
ment models in Latin America and the Caribbean. 

The program is residential and fellows are ex- 
pected to devote full time at the Center to the major 
research project proposed in their applications. Ap- 
pointments normally extend from four months to a 
year in duration. The competition is open and inter- 
national, with applications welcomed from any coun- 
try. The deadline for the 1979 competition is 
October 1, 1978. For further information and ap- 
plication forms, write Alexander Wilde, Research 
Associate, Latin American Program, Woodrow Wil- 
son International Center for Scholars, Smithsonian 
Institution Bldg, Washington, D.C. 20560. 


The National Association of Affiliated Economic 
Education Directors will meet in Portland, Oregon, 
October 5-8, at the Benson Hotel. A session on re- 
search papers in economic education is scheduled for 
October 6. Anyone interested in economic educa- 
tion research is invited to submit an abstract (with 
or without accompanying manuscript) for review. 
Those interested in serving as discussants are en- 
couraged to submit their names, addresses, and pro- 
fessional affiliations. Please submit abstracts and 
other materials by July 15, 1978, to Robert J. High- 
smith, Council on Economic Education in Maryland, 
Towson State University, Towson, MD 21204. 


The 1978 edition of the Binational Science Founda- 
tion (BSF) brochure, “Applications for Grants and 
Guidelines for Recipients,” is available. It describes 
the BSF support program for U.S.—Israel coopera- 
tive scientific research projects covering a wide spec- 
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trum of scientific disciplines. In the social sciences, 
emphasis will be given to economic theory, monetary 
and fiscal economics, labor economics. It also de- 
scribes the Professor E. D. Bergmann Memorial 
Research Grants to ycung scientists. The BSF nor- 
mally finances cooperative research performed sub- 
stantially in Israel. Awards are made in Israeli cur- 
rency. Brochures, application forms, and answers to 
specific questions may be obtained from Dr, R. Ron- 
kin, Division of International Programs (U.S.-Israel 
Binational Science Foundation), Washington, D.C. 
20550. 


Death 


Robert Aaron Gordon, professor emeritus, Uni- 
versity of California-Berkeley, Apr. 7, 1978. 


Retirements 


Bertis E. Capehart, director, education department, 
American Iron and Steel Institute, Nov. 1, 1977. 

John D. Gaffey, economist, Antitrust Division, U.S. 
Department of Justice, Los Angeles Field Office, Feb. 
1977, 

George R. Lent, senior advisor, fiscal affairs depart- 
ment, International Moretary Fund, July 1977. 


Visiting Foreign Scholars 


D. Johannes Jiittner, Macquarie University, Aus- 
tralia: visiting professor, West Virginia University, 
Aug. 1977, 


Promotions 


Richard X. Chase: professor of economics, Uni- 
versity of Vermont, Sept. 1, 1977. 

Michael F. d’Amico: associate professor of mar- 
keting, University of Akron, Sept. 15, 1977. 

J. Eric Fredland: associate professor, department 
of economics, U.S. Naval Academy, Sept. 1977. 

Robert F. Gemmill: associate director, Division 
of International Finance, Board of Governors of the 
Federal Reserve System, June 1977. 

John M. Godfrey: research officer, Federal Re- 
serve Bank of Atlanta, Jan. 1, 1978. 

J. Kevin Green: associate professor of economics, 
University of the South, Sept. 1, 1977. 

Josef Gruber: professor of statistics and econo- 
metrics, department of economics, Fernuniversitat 
Hagen, West Germany, Jan. 1977. 

George B. Henry: associate director, Division of 
International Finance, Board of Governors of the 
Federal Reserve System, June 1977. 

Sungwoo Kim: professor of economics, North- 
eastern University, Sept. 1977. 

Roger D. Little: associate professor, department of 
economics, U.S. Naval Academy, Feb. 1977. 

Francis P. Mulvey: assistant professor of eco- 
nomics, Northeastern University, Sept. 1977. 


JUNE 1978 


Robert P. Parker: chief, National Income and 
Wealth Division, Bureau of Economic Analysis, U.S. 
Department of Commerce, Nov. 23, 1977. 

John E. Reynolds: counselor, Division of Interna- 
tional Finance, Board of Governors of the Federal 
Reserve System, June 1977. 

P. K. Sawhney: associate professor of economics, 
Northeastern University, Sept. 1977. 

Charles J. Siegman: associate director, Division of 
International Finance, Board of Governors of the 
Federal Reserve System, June 1977. 

Edwin M. Truman: director, Division of Interna- 
tional Finance, Board of Governors of the Federal 
Reserve System, June 1977. 


Administrative Appointments 


Herman A. Berliner: associate provost for budget 
and curriculum, Hofstra University, Sept. 1, 1977. 

L. A. D. Dellin: chairman, department of eco- 
nomics, University of Vermont, Sept. [, 1977. 

Dimitri B. Papadimitriou: vice president of finance 
and management, Bard College, Dec. 1, 1977. 

James G. Ward: director of economic research, 
American Federation of Teachers, Oct. 1, 1977. 


Appointments 


Gerald E., Auten: assistant professor of economics, 
Bowling Green State University, Sept. 1977. 

Malcolm D. Bale: economist, World Bank, Jan. 
1978. 

Christopher F, Baum, University of Michigan: 
assistant professor of economics, Boston College, 
Sept. 1977. 

Matthew D. Berman, Yale University: assistant 
professor, LBJ School of Public Affairs, University of 
Texas-Austin, Sept. 1977. 

Leigh B. Boske, National Transportation Policy 
Study Commission: assistant professor, LBJ School 
of Public Affairs, University of Texas-Austin, Sept. 
1977, 

Michael J. Boskin: research associate and program 
director, social insurance, National Bureau of Eco- 
nomic Research, Sept. 1977. 

David F. Bradford: research associate and program 
director, business taxation and finance, National 
Bureau of Economic Research, Sept. 1977. 

Gerard Caprio: economist, Division of International 
Finance, Board of Governors of the Federal Reserve 
System, Oct. 1977. 

Douglas C. Coate: research associate, National 
Bureau of Economic Research, Sept. 1977. 

Thomas A. Connors: economist, Division of In- 
ternational Finance, Board of Governors of the 
Federal Reserve System, Sept. 1977. 

Rudiger Dornbusch: research associate, National 
Bureau of Economic Research, Sept. 1977. 

Robert W. Fogel: research associate and program 
director, growth of American economy, National 
Bureau of Economic Research, Sept. 1977. 

Richard B. Freeman: research associate and pro- 
gram director, labor studies, National Bureau of 
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Economic Research, Sept. 1977. 

Richard T. Freeman: economist, Division of Inter- 
national Finance, Board of Governors of the Federal 
Reserve System, Sept. 1977. 

Benjamin M. Friedman: research associate, Na- 
tional Bureau of Economic Research, Sept. 1977. 

Guy C. Grenier: agricultural economist, U.S. 
Department of Agriculture, Nov. 1976. 

Robert E. Hall: research associate and program di- 
rector, economic fluctuation, National Bureau of 
Economic Research, Sept. 1977. 

F. Reed Johnson: assistant professor, department 
of economics, U.S. Naval Academy, Sept. 1977. 

Jacob J. Kaufman, Pennsylvania State University: 
metropolitan director and professor, New York State 
School of Industrial and Labor Relations, Cornell 
University, July 1, 1977. 

James L. Medoff: research associate, National 
Bureau of Economic Research, Sept. 1977. 
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William G. Nelson; director of implementation ser- 
vices, Office of Research, University of Pittsburgh. 

Sherwin Rosen: research associate, National Bu- 
reau of Economic Research, Sept. 1977. 

Daniel J. Sullivan: assistant professor of economics, 
University of Vermont, Sept. 1, 1977. 

Robert D. Weaver: assistant professor of agricul- 
tural economics, Pennsylvania State University, July 1, 
1977. 

John Scott Winningham: financial economist, Fed- 
eral Reserve Bank of Kansas City, Jan. 4, 1978. 


Leaves for Special Appointment 


George L. Miller, Northern Illinois University: 
AACSB fellow, economist, Office of Macroeconomic 
Impact, Federal Energy Administration, Department 
of Energy, July 1, 1976-July 1, 1978. 


NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 


When sending information to the Review for inclusion in the Notes Section, please use the following style: 


A. Please use the following categories: 


1—Deaths 

2—Retirements 

3—Foreign Scholars (visiting the USA or Canada) 
4-—Promotions 

5--Administrative Appointments 


6—New Appointments 

7—Leaves for Special Appointments (NOT Sabbaticals) 
8—Resignations 

9—Miscellaneous 


B. Please give the name of the individual (SMITH, Jane W.), her present place of employment or enrollment: 
her new title (if any), and the date at which the change will occur. 


C. Type each item on a separate 3 x 5 card and please do not send public relations releases. 


D. The closing dates for each issue are as follows: March, November 1; June, February 1; September, May 1; 


December, August 1. 


This announcement supersedes and replaces a letter which was sent annually from the managing editor’s office. 
All items and information should be sent to the Assistant Editor, American Economic Review, Box Q, Brown Uni- 


versity, Providence, Rhode Island 02912. 
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1977 New Edition INSTITUTE 


Guide to Graduate Study in Economics 
and Agricultural Economics 
in the United States of America and Canada 


Designed to provide students anticipating graduate study in economics 
and agricultural economics, and their advisors, with information on 
available graduate training programs. 


Includes descriptions of 280 graduate programs, supplemented by 
comparative data and information for prospective students, 
domestic and foreign. 


PUBLISHED BY THE ECONOMICS INSTITUTE, 

University of Colorado at Boulder, Boulder, Colorado 80309 
under the auspices of the American Economic Association 
and the American Agricultural Economics Association. 
PRICE: $11.50 per copy 


ORDER FORM 


RICHARD D. IRWIN INC. 

1818 Ridge Road 

Homewood, Illinois 60430 

Please send me________ copies of Guide to Graduate Study in Eco- 


nomics and Agricultural Economics in the United States of America and 
Canada, 4th edition. 


Enclosed is my check/money order for $______ ($11.50 per copy). 


Please print or type: 


Name 
Address 


City 





the publishers of 


Lipsey & Steiner 


ECONOMICS 
Fifth Edition 


Miller 
ECONOMICS 
TODAY 


Second Edition 


urge you to consider: 


Elzinga 
ECONOMICS: 
A Reader 
THIRD EDITION 


Walton & Miller 
ECONOMIC ISSUES 
IN AMERICAN 
HISTORY 

SECOND EDITION 


Lyall 
MICROECONOMIC 
ISSUES OF THE 
70’s: Exercises in 
Applied Price Theory 
SECOND EDITION 


North & Miller 

THE ECONOMICS 
OF PUBLIC ISSUES 
FOURTH EDITION 


Hunt & Sherman 
ECONOMICS: 

An Introduction to 
Traditional and 
Radical Views 
THIRD EDITION 


Hunt 

PROPERTY & 
PROPHETS: 

The Evolution of 
Economic Institutions 
and Ideologies 
REVISED 

SECOND EDITION 


riHarper & Row 
WM 10 East 53d St., N.Y., N.Y. 10022 


To request examination copies, 
please write to Alec Lobrano, Dept. 
593. Include course title, enrollment, 
and present text. The prices listed 
here are Harper & Row suggested 


list prices only and in no way re- 
flect the prices at which these books 
may be sold by suppliers other 
than Harper & Row. Prices subject 
to change without notice. 
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The business of America 
has always been business. 


In the first authoritative work to cover 
the entire scope of business in America, 
from 1776 to the present, Thomas Coch- 
ran writes about tha ingenuity, invention, 
innovation, marketing, and manage- 
ment that have characterized American 
business. He also provides a detailed and 
fully documented analysis of America’s 
“classic trilogy’~buying, selling, and 
processing. 

Maintaining that the systems and 
methods of business are functions of a 
combination of faczors—-economic, cul- 
tural, social, psychological, and historical, 


DELTA BOOKS =A 


Thomas Cochran takes an in-depth look 
at business as it has evolved over two 
centuries in response to the special 
needs of each new era. 

“A fine interpretive treatment by the 
dean of American business historians” — 
Louis Galambos, Professor of History, 
Johns Hopkins University 

“His skilled synthesis and interpreta- 
tion should help business schoo! students 
get a firm grasp on their subject” 
—Publishers Weekly 


58779-4 $5.95 


Dell Publishing Co., Inc. 
245 East 47 Street 
New York, New York 10017 
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gum NEW YORK 
UNIVERSITY 
PRESS 


THE FAILURE OF WORLD MONETARY 
REFORM 


By JOHN WILLIAMSON. “This excellent little book 
brings together analysis and history of the international 
monetary system as it has evolved thus far during the 
1970s ... Clear writing and concise, sophisticated, but 
nonmathematical exposition make this a pleasure for 
the professional economist to read and useful for the 
college senior or graduate senior to study.”—Choice 


221 pages, $15.00 cloth/$5.95 paper 


INTERNATIONAL MONETARY ISSUES 
AND DEVELOPMENT POLICIES 


By XENOPHON ZOLOTAS. Introduction by Howard S$. 
Ellis. “His [Zolotas’] views command respect by their 
fairness and objectivity no less than for their originality 
and insight... As these essays testify, Professor Zolotas 
repeatedly has been out in front of his contemporaries 
in recognizing the nature of current problems and in 
devising workable solutions for them."—Benjamin J. 
Cohen, Journal of International Economics 


503 pages, $20.00 


THE POLITICAL ECONOMY OF THE NEW 
LEFT: An Outsider’s View 


By ASSAR LINDBECK. Foreword by Paul A. Samuel- 
son. Second édition. Professor Lindbeck analyzes the 
New Left's critique of the structure and performance of 
capitalist societies, covering such topics as markets vs. 
formalized administrative processes, centralization vs. 
decentralization, ownership of capital, material incen- 
tives and distribution problems, competition and the 
meaning of development. This edition includes 
discussion papers by distinguished economists, a 
rejoinder by the author and a paper interpreting the 
economics of the New Left in the context of economic 
systems analysis. 


239 pages, $12.00 


Studies in 
Economics 


A GUIDE TO WORKER PRODUCTIVITY 
EXPERIMENTS IN THE UNITED STATES, 
1971-75 

By RAYMOND A. KATZELL, PENNEY BIENSTOCK 
and PAUL H. FAERSTEIN. “103 case studies assembled 
by the Work in America Institute . . . some spectacular 
examples of improved productivity... The significance 
for American industry can hardly be minimized...” 
—Associated Press ` 


186 pages, $15.00 


RESOURCE CONSERVATION: Social and 
Economic Dimensions of Recycling 

Edited by DAVID W. PEARCE and INGO WALTER. 
“This book presents the views of 21 authorities (mostly 
economists) on the policies and economics of recycling 
waste materials such as scrap metal or paper... An 
excellent, substantive, and valuable work, this is a basic 
volume for those involved in the establishment of 
recycling programs."—Library Journal 

383 pages, $28.50 


Forthcoming: 
NUCLEAR POWER AND THE ENERGY CRISIS: 
Politics and the Atomic Industry 


By DUNCAN BURN. Mr. Burn analyzes the politics and 
economics of the decisions made, in the last decade, on 
the development and supply of nuclear power. 


368 pages, $26.50 


Forthcoming: 

MONEY AND CREDIT IN A DEVELOPING 
ECONOMY: The Greek Case 

By D. J. HALIKIAS. Using the postwar experience of 
Greece as a case study, Halikias analyzes the uses of 
monetary and credit policy as an instrument to influ- 
ence the allocation of the available economic resources 
in a way conducive to economic development. 


Pages and price to be announced. 


Studies in Game Theory and Mathematical Economics 


Published: 

BIDDING AND AUCTIONING FOR 
PROCUREMENT AND ALLOCATION 
Edited by YAKOV AMIHUD 

220 pages, $17.50 


DIFFERENTIAL GAMES AND OTHER 
GAME—THEORETIC TOPICS IN SOVIET 
LITERATURE 

By ALFRED ZAUBERMAN 

227 pages, $15.00 


To order direct, write: 


Forthcoming: 

ECONOMICS AND THE COMPETITIVE 
PROCESS 

By JAMES H. CASE 

256 pages, $22.00 


GAME THEORY AND POLITICAL 
SCIENCE 

Edited by PETER C. ORDESHOOK 
600 pages, price to be announced 


NEW YORK UNIVERSITY PRESS, Washington Square, New York, N.Y. 10003 
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The Theory of Money 
by Jürg Niehans 


Exploring the function of money as a store of value and 
a medium of exchange, this major work focuses on the 
interaction of the money stock with other assets and on 
the flows of goods and services. Jürg Niehans treats 
systematically and comprehensively the pure theory of 
money and monetary policy. It is the first such treatise 
since Don Patinkin’s classic Money, Interest, and Prices 
was published in 1956. Since then monetary theory has 
progressed considerably and Niehans takes new develop- 
ments fully into account. 

384 pages $17.95 


Induced Innovation 
Technology, Institutions, and Development 
by Hans P. Binswanger, Vernon W. Ruttan, and others 


The interpretation of technical and institutional change 
as endogenous rather than exogenous to the economic 
system — that is, as induced by economic as well as 
by social forces—is a relatively new development in 
ecoromic thought. Economists have traditionally viewed 
both types of change as subject to cultural and intel- 
lectual influences not easy to analyze within an economic 
framework. In this pathbreaking study, the authors at- 
tempt to develop a model of technical and institutional 
change in which these variables are endogenous. 

432 pages $22.50 


Forecasting 
An Appraisal for Policy-Makers and Planners 
by William Ascher 


“A unique and pathbreaking treatment of a fundamental 
component of public and private policy-making. .. . 
Ascher’s volume will become a classical contribution to 
the field of forecasting.” 
— from the Foreword by Harold D. Lasswelil, 
Professor Emeritus, Yale University 
238 pages $15.00 


A Century of Scholarly Publishing 


Johns JY Hopkins 


The Johns Hopkins University Press 
Baltimore, Maryland 21218 
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ANDE 


The Roots of Capitalism 
By John Chamberlain 


A provocative look at the intellectual forces and practical accomplishments 
that have created American capitalism. “A vastly persuasive case for 
capitalist theory and practice” —Barron’s. Hardcover $9.00, Paperback $3.00. 


The Wisdom of Adam Smith 


Adam Smith may have been the first great economist, but he was no 

dismal scientist. He was instead a man of great philosophical and historical 
learning, and his literary style was widely admired, The Wisdom of Adam 
Smith brings together his most incisive and eloquent observations on subjects 
ranging from political and economic history to morals, philosophy, art, 
education, war and the American colonies. Compiled by British scriptwriter 
and playwright John Haggarty, edited and with an introduction by Benjamin 
A. Rogge. Hardcover $7.95, Paperback $1.95. 


Essays On Individuality 
Edited by Felix Morley 


Twelve distinguished writers and educators examine the place of the 
individual in contemporary society. The contributors are John Dos Passos, 
Arthur A. Ekirch, Jr., Milton Friedman, Friedrich A. Hayek, Joseph Wood 
Krutch, James C. Malin, William M. McGovern, Felix Morley, Helmut 
Schoeck, Richard M. Weaver, Roger J. Williams and Conway Zirkle. 
Foreword by Arthur Kemp. Hardcover $8.00. 


Liber tyPress LibertyClassics 


We pay postage on prepaid orders. 
To order these books, or for a copy 
of our catalog, write: 
LibertyPress/LibertyClassics 

7440 North Shadeland, Dept. 148 
Indianapolis, Indiana 46250 
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' A high-level forum where government officials of 
n - 24 nations consult on key issues. 
Members include U.S.A., Canada, Japan, Western 
European countries, Australia and New Zealand. 


=», ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOPMENT 
Headquarters. 2, rue Andre-Pascal, 25775 Paris Cedex 16, France 





Specialized Periodicals Subscription 
with Comparative International Data 


ECONOMIC SURVEYS. Annual review of each OECD country. Individual surveys, 
$3.00 each. Entire 1978 series: $50.00 $66.90 
ECONOMIC OUTLOOK. A periodic assessment of economic trends and prospects 
in the main trading nations, published each July and December. $8.00 each. 
Annual subscription: 15.00 17.40 
MAIN ECONOMIC INDICATORS. A unique tabulation of international indicators 
of economic activity Graphics emphasize important changes in key indicators, and a 
quarterly supplement provides additional data on industrial production. Monthly, 





ates 
Surface Air 


Single copy, $4.50 Per year: 45.00 66.30 
STATISTICS OF FOREIGN TRADE, SERIES A. (A/so on microfiches} 
Monthly, $4.50 each. Annual subscription: 45.00 64.20 


OECD FINANCIAL STATISTICS. A unique collection of data on financial markets 
in 16 European countries, the United States, Canada and Japan. /ssued yearly, with 
five periodic supplements, and monthly reports updating interest rates. 84.00 107.30 
FINANCIAL MARKET TRENDS. Comprehensive commentary, statistics and 
charts on current developments and future trends. 5 issues per year, $7.00 each. 


$ (Sample issue freé on request) Annual subscription, starting with October, 1977: 30.00 31.90 
k QUARTERLY NATIONAL ACCOUNTS BULLETIN. Covers USA and 9 other 
i OECD countries. Annual subscription: 11.00 13.80 


QUARTERLY OIL STATISTICS. Contains rapid data on crude oil and products, 

including production, refinery output, trade, bunkers and stocks. Imports and ex- 

ports are shown by 41 origins and 29 destinations. Each issue $10.00. By air 

$11.60. Per year: 30.00 36.40 
GUIDE TO LEGISLATION ON RESTRICTIVE BUSINESS PRACTICES. Includes 

a selection of relevant court and administrative decisions, up-dated by periodic 

supplements. 4th Revised Edition, including the eight series of supplements to date: 250.00 


LIAISON BULLETIN. Summarizes research under way in research and training 
institutes throughout the world. 4 Issues yearly. 6.50 13.20 


NUCLEAR LAW BULLETIN. Legislative and regulatory activities, case law and 
administrative decisions, international organizations and agreements. 


2 issues plus supplements yearly (first issue #21, June 1978): 9.00 11.50 
PULP AND PAPER. Quarterly data on stocks, production and trade. 
Each issue $4.60 Annual subscription: 12.00 16.10 
LABOUR FORCE STATISTICS. New quarterly supplement to yearbook “Labour 


Force Statistics”. Annual subscription: 11.00 12.60 


OECD OBSERVER. Illustrated bi-monthly magazine 
selectively covering the full range of OECD activities, 
and including announcements of new OECD publications. 
Each issue, $1.50. 
6 issues yearly: 7.50 10.20 

















Ask for details of Blanket Orders and Selective Standing Orders. 

Send orders and requests for free catalog to: 

OECD PUBLICATIONS CENTER SUITE 1207E 

1750 PENNSYLVANIA AVENUE, N.W. WASHINGTON, D.C. 20006 (202) 298-8755 
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New 
Resources for the Future 
Books 


Resources for an Uncertain Future 
edited by Charles J. Hitch ` 
Papers by such experts as Charles N. Schultze, Edward S. Mason, Harrison S. 
Brown, Robert W. Fri, William H. McNeill, Lewis M. Branscomb, and Paul Mac- 
Avoy consider the past, present, and future global resource situation, 

$2.95 paperback, $7.50 hardcover 


Selected Water Management Issues in Latin American Agriculture 

edited by Pierre R. Crosson, Ronald G. Cummings, and Kenneth D. Frederick 
Supported by the results from case studies of four nations, the authors” analysis of 
the major issues in improving water management in Latin America challenges tra- - 
ditional views on the subject. Their findings can be useful when applied to other 


regions as well. 


$14.95 


Economic and Fiscal Impacts of Coal Development 


Northern Great Plains 
John V. Krutilla and Anthony C. Fisher 
assisted by Richard E. Rice 


Using a multi-regional, multi-industry forecasting model, the authors speculate on 
the impact of coal development and the effects of “boom town” growth in eastern 


Montana. 


$16.00 


New in a timely series of RIF Research Reports 


The World Food Situation 

Resource and Environmental Issues in 
Developing Countries 

Pierre R. Crosson and Kenneth D. Frederick 
This study seeks to clarify the problems, 
policy options, and research needs inherent 
in adequately feeding future generations at 
acceptable costs. “$6.00 


Analysis for Residuals-Environmental 
Quality Management 

A Case Study of the Ljublyana Area of 
Yugoslavia 

Daniel J. Basta, James L. Lounsbury, 


Blair T. Bower $6.00 


Modeling Energy-Economy Interactions 
Five Approaches 

edited by Charles J. Hitch 

The papers in this collection offer several 
means of analyzing the effects of a transi- 
tion from oil and natural gas to other sources 
of energy. $7.50 


published by 


Johns Hopkins Jn fs 


Decision Making in Timber Production, 
Harvest, and Marketing 

Marion Clawson 

Clawson’s report considers the decision- 
making process in timber management and 
harvest for small private forests, large inte- 
grated forest-industry firms, and national 
forests. $5.75 


Research in Forest Economics and 

Forest Policy 

edited by Marion Clawson 

Technical change, economic instability, 
multiple-use problems, and ecological con- 
siderations are among the issues discussed 
in this report on new directions in forest 
research. $8.95 


Regional Residuals 

Environmental Quality Management Modeling 
edited by Blair Bower 

This study provides an overview of the analy- 
sis necessary to generate information for 
decisions on environmental quality manage- 
ment. $6.50 


A Century of Scholarly Publishing 


The Johns Hopkins University Press 
Baltimore, Maryland 21218 
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Estimating the Labor Supply Effects of 


Income Maintenance Alternatives 
By STANLEY MASTERS and IRWIN GARFINKEL 
A Volume in the INSTITUTE FOR RESEARCH ON POVERTY MONOGRAPH Series 


This study investigates the likely ef- 
fects of alternative income mainte- 
nance proposals on the amount of time 
people spend working. The authors 
begin by discussing the historical and 
current importance of the labor supply 
issue, the standard economic theory of 
labor supply, and the data sources 
and estimation procedures used. Next, 
they present regression results and 
elasticity estimates for various demo- 
graphic groups, with two chapters 
focusing on prime-age males. They 


then simulate the effects of various 
negative income tax, wage subsidy, 
and earnings subsidy plans, and con- 
clude with a discussion of their own 
policy preferences, which include a 
negative income tax or demogrant. 
The study is based on two national 
surveys, the Survey of Economic Op- 
portunity and the Michigan Panel 
Study of Income Dynamics. 


1978, 320 pp., $17.50/£11.35 
ISBN: 0-12-479150-6 


Econometric Analysis of Regional Systems 
EXPLORATIONS IN MODEL BUILDING AND POLICY ANALYSIS 


By NORMAN J. GLICKMAN 


A Volume in the STUDIES IN URBAN ECONOMICS Series 


This book assesses the role of eco- 
nometric analysis in regional forecast- 
ing and policy analysis. The author 
provides the reader with background 
concerning the types of forecasting 
models (economic base, input-output, 
and econometric), presents a large- 
scale regional econometric model 
which forscasts output and employ- 
ment by sector, wages, prices, income, 


nomic variables, and summarizes a 
set of policy related experiments of 
the model—assesing the impact of de- 
fense spending, revenue-sharing, and 
other policy. This volume brings to- 
gether the author’s work in the area 
of macroeconometric forecasting for 
metropolitan regions since 1967. 


1977, 222 pp., $20.50/£14.55 
ISBN: 0-12-286550-2 


government activity, and other eco- 
Send payment with order and save postage plus 50¢ handling charge. 
Prices are subject to change without notice. 


U.S. customers please note: On prepaid orders—payment will be refunded for titles on 
which shipment is not possible within 120 days. 


Academic Press, Inc. 
A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 


Please send me the following: 


.___copies, Vasters/Garfinkel: Estimating the Labor Supply Effects of income Maintenance 
Alternatives 


___copies, Glickman: Econometric Analysis of Regional Systems 
Check enclosed_— Bill me— 


NAME 
ADDRESS 
CITY/STATE/ZIP 


New York residents please add sales tax. 
Direct all ordars to Mr. Paul Negri, Media Dept. 
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New 
World Bank Country Economic 
Reports 


International Comparisons of Real Product and Purchasing Power 
Phase 2 

irving B. Kravis, Alan Heston, and Robert Summers 

This report compares per capita quantities and price levels for real gross domestic 
product, its three main components (consumption, investment, and government), and 
thirty-six subaggregates, The study updates data included in Phase 1 of the survey 
(Johns Hopkins, 1975) and provides information on six additional countries. This 
wide sample allows further insights into price and quantity structures that have been 
obscured by comparisons based on exchange rate conversions, which may grossly 
underestimate real GDP for some countries. $7.50 paperback, $20.00 hardcover 


Twenty-Five Years of Economic Development 

1950 to 1975 

David Morawetz 

Between 1950 and 1975 per capita incomes grew more rapidly in developing countries 
than in developed nations. But if the distribution of income and benefits in these 
nations is analyzed, a different picture appears. David Morawetz assesses such factors 
as the rate of growth, the initial distribution of incomes and assets, and political sta- 
bility, and finds that in many nations the economic status of individuals has shown 
little improvement. $3.50 


The Commonwealth Caribbean 

Sidney E. Chernick and others 

This book explores the issues surrounding the difficulties of regional integration in the 
Commonwealth Caribbean: geographic dispersion, economic fragmentation, high un- 
employment, and massive dependence on imports. The author takes into account 
national issues which affect the integration movement and discusses such potentially 
powerful groups as the Caribbean Free Trade Association and the Caribbean Common 
Market. $7.50 paperback, $22.50 hardcover 


Ivory Coast 

The Challenge of Success 

Bastiaan A. den Tuinder 

The outstanding economic performance of the Ivory Coast over the past twenty-five 
years can be matched by few countries, developed or developing. Despite limited 
resources, per capita income is one of the highest in Africa. This book investigates 
the planned development behind the so-called Ivorian miracle as it seeks to define new 
strategies for the challenges ivorians now face in eliminating gaps in income levels 
and opportunities. $7.95 paperback, $25.00 hardcover 


Papua New Guinea 

Its Economic Situation and Prospects for Development 

George B. Baldwin and others 

Papua New Guinea is a country determined to enter the modern world on its own 
terms. The strikingly primitive state of much of the economy and society stands in 
contrast to the impressive ability of the central government to manage the young 
country’s problems. The authors of this study examine the government's strategies for 
development, as well as the role that foreign investment may play; make projections 
for the balance of payments into the next decade; and assess the prospects for 
increasing self-reliance. $6.50 


A Century of Scholarly Publstung 
published by 1878 x 
e bl A ; Ea The Johns Hopkins University Press 
Johns Hopkins a Baltimore, Maryland 21218 
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From the International Monetary Fund... 


Balance of 


This fourth edition of the Manual contains 
recommendations that form the basis for the 


balance of payments statements regularly made 


Payments 
Manual 


available by the Fund in its major statistical 
publications in this field, the Balance of Payments 
Yearbook and International Financial Statistics. Users 
of such statements will find in the Manual information on 


their intended content and coverage. 


The Manual serves primarily as a guide for member 
countries in making the regular reports on their 


Fourth Edition 


Pp. xvi + 203 $4.00 


balances of payments that are required by the 
Fund, but it also provides, for the general reader, 
discussion at length of balance of payments concepts 


and of such topics as residence, coverage, timing, 
valuation, and conversion. As a new feature, the fourth 
edition contains a chapter on the presentation of the balance of payments data for 
analytic purposes, describing the balances that are most frequently used to measure 
surplus or deficit and discussing their relative merits and limitations. 
Additional explanatory material has been included in many sections of the Manual. 
In effect, it is a new handbook rather than a revised version of the third edition. 


Address all orders and inquiries to: 
The Secretary, International Monetary Fund, Washington, D.C. 20431, U.S.A. 


THE 
Overdeveloped 


NATIONS 


The Diseconomies of Scale 
LEOPOLD KOHR 


“Leopold Kohr is one of the few 
original thinkers of our time— 
and a vastly entertaining writer. 
Economics, as presented by 
him, is not the dismal science 
but an eye-opener for 
everybody.” —E.F. Schumacher 


“I was embarassed to find the 
values of smallness, multi- 
centeredness, effective decen- 
tralization, de-professionaliza- 
tion, deceleration and 





autonomous structuring which 
our generation has been 
‘discovering,’ had been just 
as clearly and much more 
humorously formulated by 
Kohr, before we understood 
what he was teaching.” 

—lvan Illich 


“With their attention at last 
directed toward the role played 
by social size, economists and 
laymen alike will find many 
provocative questions raised 
and many unexpected answers 
suggested in professor Kohr'’s 
fascinating volume on The 
Overdeveloped Nations.” 
—Anatol Murad 


Just Published $9.95 hardcover 


At your bookstore or from 


(SCHOCKEN) 


200 Madison Avenue, New York 10016 





Please menticn Tue American Economic Review When Writing to Advertisers 


Comet 4 
University 
Press 


Commodity 
Conflict 


The Political Economy of 

international Commodity Negotiations 

By L.N. RANGARAJAN. Discussing the 
problems of international trade in primary 
commodities, this book explains why negotia- 
tions more often fail than succeed and pro- 
poses a general framework for an agreement 
on commodity trade. $25.00 


The Early Growth of 
the European Economy 


Warriors and Peasants from 


the Seventh to the Twelfth Century 
By GEORGES DUBY. “[A] sensitive and 
complex analysis of economic and social 
life: History: Review of the New Books 


$5.95 paper 


NEW 
FROM CORNELL 


The Polities of 
Agricultural 


Mechanization 
in Ghina 


By BENEDICT STAVIS. Clearly indicating 
why the applications of technology become 
thorny issues, this book deals with the politi- 
cal dimensions of the adoption of modern 
agricultural machinery in the People’s Repub- 
lic of China. $17.50 


Macroeconomics 1978 


Readings on Contemporary Issues 


Edited by PETER D. MCCLELLAND. De- 
signed especially for introductory courses, 
this annual reader brings together current ar- 
ticles and essays by leading economists from 
a variety of sources. (Ready in August.) 
$6.95 soft cover 


CORNELL UNIVERSITY PRESS 
Ithaca, New York 14850 


Bank Control of 
Large Corporations 


in the United States 
David M. Kotz 


In his examination of the in- 
fluence that leading banks ex- 
ert on giant corporations in the 
United States, Kotz challenges 
the commonly held opinion 
that today’s typical corpora- 
tion is controlled by its hired 
managers rather than by bank- 
ers and major stockholders. He 
demonstrates that the power of 
banks has increased rapidly 
since World War II, and that 
many of the bigger banks con- 
trol dozens of the largest cor- 
porations in the country. 

232 pages, 13 tables, $11.50 


Public Interest Law 
An Economic and 
Institutional Analysis 
Burton A. Weisbrod 


in collaboration with 
Joel F. Handler and Neil K. Komesar 
An introduction to the structure, resources, and activi- 
ties of this “nonprofit industry,” and also to the factors 
that affect public interest law firms in their choices of 
cases and methods of handling them. 
A Macmillan book club selection 
592 pages, cloth $27.50, paper $9.50 


San Francisco Scavengers 
Dirty Work and the Pride of Ownership 


Stewart E. Perry 
From an unexpected corner of America comes a perplex- 
ing look at our society. Combining more than ten years 
of study and first-hand experience in the life of a 
garbageman and a worker-owner of a major business, 
Perry presents a lively, humorous, always humane 
picture of the men and their “dirty work.” 

320 pages, illustrations, $10.95 


CALIFORNIA 


University of California Press Berkeley 94720 
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BIA, 


ESSAYS ON ECONOMIC POLICY 
J. Marcus Fleming 


Spanning four decades of J. Marcus Fleming’s distinguished career, these 
papers are a testament to Fleming’s unique qualities as an economist. 

Fritz Machlup summarizes these qualities in the commemorative introduction 
to the papers as “the rare combination of a mastery of economic theory, 

an understanding of empirical data, a concurrent interest in pure analysis 
and historical and institutional knowledge. r $17.50 


A HISTORY OF THOUGHT ON 

ECONOMIC INTEGRATION 

Fritz Machlup 

“The relatively recent use of ‘integration’ as a word of power in international 
relations permits one of the deans of American economics to perform 
extraordinary acrobatics in this entertaining and valuable volume. Detective 


work on first use is followed by a brilliantly compact and lucid exposition 
of the essentials of international economics.” — Foreign Affairs $20.00 


To order send check or money order to Dept. JN. Individuals must enclose payment. 
Institutions may request billing. 


Gi? COLUMBIA UNIVERSITY PRESS 


Address for orders: 136 South Broadway, Irvington, New York 10533 


A radical three-part re-assessment of classical political economy 
DAVID P. LEVINE Assistant Professor of Economics, Yale University 


Economic Studies Contributions to the Critique of Economic Theory Now available $19.50 
Economic Studies is the first of David Levine's three-part critique and reconstruction of the theo- 
retical conception of economic life. The author's premise is that only an investigation of the system 
of elementary economic relations—value, capital, production—can overcome the confusion and 
misdirection which baffles progress in all areas of economic theory, and lay the foundation for 
further development of economic science. The object of this volume is the criticism of the manner 
in which the elementary relations of economic life are grasped in economic theory. 


Economic Theory Volume 1: The Elementary Relations of Economic Life August $24.50 
The aim of the second volume in David Levine's three-part critique is the clarification and further 
development of the theoretical contributions of classic political economy, and especially of Marx. 
The conceptual foundations are established for the analysis of the structure of economic relations 
as a whole, which, with the laws of its-self-development, will be the subject of Economic Theory, 
Volume ll: The System of Economic Relations as a Whole (forthcoming). 


Marr's ‘Capital and Capitalism Today Volumes | and I! 


ANTHONY CUTLER, BARRY HINDESS, PAUL HIRST, ATHAR HUSSAIN 
Now available: (1) $12.50, paper $5.75; (11) $16.50, paper $8.25 

From a review of Volume I: 

‘An important contribution . . . The volume deals with three areas of concepts that the authors feel 
are impeding Marxist analysis. These are: the category of “value” as used by Marx; the conception 
of economic “laws of motion” as related to the capitalist mode of production; and the conceptions 
of class structure and economic agents. The authors have relevent and constructive arguments to 
make in all three areas.’~—-Choice 


ROUTLEDGE & KEGAN PAUL 9 Park Street, Boston, Mass. 02108 
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STATE POLICIES AND FEDERAL PROGRAMS 


Priorities and Constraints GIS 
A Twentieth Century Fund Report 
PETER PASSELL and LEONARD ROSS 
AO 


What is the nature of the relationship between federal and state government? Does fed- 
eral fiscal power serve as a necessary counterbalance to insure efficiency and equality 
jor all citizens? Analyzing and answering the latest questions concerning states’ rights, 
Passell and Ross chart and assess California’s major programs and policies to suggest the 
maximum states may attain within the constraints laid down by the federal government. 
Focusing on fiscal policy, primary and higher education, medical care for the poor, and 
welfare and unemployment insurance, they provide evidence that the division of 
resources between state and federal government is not equal, a disparity of far-reaching 
consequences to the American people. 

192 pp. 1978 LC 7727498 ISBN 0-03-042591-3 $16.95 


PROSPECTS FOR GROWTH 
Changing Expectations for the Future 
Edited by KENNETH D. WILSON 


Ranging from the practical to the philosophical, this study presents an absorbing look at 
the primary policy debate of our time — the prospects for growth and its future direction. 
Nineteen respected authorities in economics and the social and physical sciences, includ- 
ing E.J}. Mishan, Daniel Bell, and Peter Auer, offer penetrating views and counter-views 
designed to stimulate concern as well as optimism about the issues at hand. 


366 pp. 1977 LC 77-14567 ISBN 0-03-041446-6 $16.50 
Paperback: ISBN 0-03-041441-5 $6.95 


ECONOMIC ADVICE AND EXECUTIVE POLICY 
Recommendations from Past Members of the Council of Economic Advisers 
Edited by WERNER SICHEL 


Paul W. McCracken, Roy Blough, Hendrick S. Houthhakker, James S. Duesenberry, 
Marina v.N. Whitman, and James Tobin evaluate and appraise the past, present, and 
future of U.S economic policy. Six original and incisive essays examine inflation and 
unemployment, U.S. monetary and foreign investment policies, the achievement of eco- 
nomic stability, the role of the C.E.A., and practical aspects of political economy. 

128 pp. 1978 LC 77-7807 ISBN 0-03-022381-4 $15.00 


THE DECLINING NORTHEAST 
Demographic and Economic Analyses 


Edited by BENJAMIN CHINITZ 


Examining the population, employment, energy, industry, and financial problems of New 
York State and the Northeast region, seventeen experts emphasize the challenges of 
adjusting to decline and note the structural causes of growth in certain areas such as 
housing. They recommend public policy changes including increased productivity in the 
public sector and federal aid during the transition. 

192 pp. 1978 LC 78-6137 ISBN 0-03-043476-9 $18.00 


AN INTRODUCTION TO AIRLINE ECONOMICS 
WILLIAM E. O’CONNOR 

Covering the entire range of airline economics, this volume uses current airline problems 
to illustrate elementary economic theory pertinent to the field. Controversial issues such 
as the deregulation of airlines and their diversification into non-aviation fields are exam- 
ined, and a special appendix includes Titles I, II, 1V, VIII and X of the Federal Aviation 
Act of 1958, as amended through November 9, 1977. 

270 pp. 1978 LC 77-7809 ISBN 0-03-022416-0 $11.95 


































































PRAEGER SPECIAL STUDIES ¢ PRAEGER PUBLISHERS 
A Division of HOLT, RINEHART AND WINSTON, CBS PUBLISHING GROUP 
383 Madison Avenue, New York, N.Y. 10017 
Prices are subject to change without notice. 
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AMERICAN ECONOMIC ASSOCIATION 


ANNUAL MEMBERSHIP RATES 


Membership includes: 


— a subscription to both The American Economic Review (quarterly) plus Papers and Proceedings and the Journal 
of Economic Literature (quarterly) 


@ Regular member with rank of assistant professor or lower or annual income of $12,600 or less 
@ Regular member with rank of associate professor or annual income of $12,600-$21,000 
@ Regular member with rank of full professor or annual income above $21,000......,.....00+. Seat ESTELAR 


æ Junior member (available to registered students for three years only; certification and payment must be submitted 
yearly). Student status must be certified by your major professor or school registrar... 


In countries other than USA add $3.70 to cover postage. 
è Family member (second membership without publications; two or more living at same address) 





Please begin my issues for 1978 with: 
( March O June O September O December 


(Includes Papers and Proceedings) 


Name in full l 
First 


Address 


City State/Country Zip/Post Code 


Endorsed by (AEA member) 





Below for Junior Members Only 
| certify that the person named above is enrolled as a student at 








Authorized Signature 


Please send with payment to: American Economic Association 
1313 21st Avenue South 
Nashville, Tennessee 37212 


Dues payable in U.S. currency only; Cashier's Check or International Money Order preferred. 
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New and Recent Volumes of the 


INDEX of ECONOMIC ARTICLES 


The Journal of Economic Literature 
of the 
American Economic Association 
now available at $35.00 per volume 


Volume XI—1969 
e Volume XII—1970 
e Volume XIII—1971 
e Volume XIV—1972 
e Volume XV—1973 
e Volume XVI—1974 (in preparation) 


These are a continuation of earlier volumes, I-X (1886- 
1968) in scope and content which are still available 
at $7.95 per copy. 


Special discount of 30% given to members of the 
American Economic Association. 


Distributed by RICHARD D. IRWIN, INC. 
Homewood, Illinois 60430 -` 
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Sone RON f 
Y)! Macroeconomics 

Rudiger Dornbusch and Stanley Fischer, both of the 
Massachusetts Institute of Technology 
1978, 512 pages 

Covering a broad base of standard macro theory, this 
text uses the theory—including topics such as national 
income accounting, aggregate demand and IS-LM 
analysis—to analyze inflation and unemployment. In- 
structor’s Manual by Steven Sheffrin. 


intermediate Microeconomics: Theory, 
issues, and Applications 
Koger LeRoy Miller, University of Miami School of Law 
1978, 544 pages 

The application of microeconomics to current issues 
is illustrated through such topics as revealed prefer- 
ence, real-world production functions, and price and 
income elasticity. The text explains microeconomic con- 
cepts with a minimum use of mathematics. Supple- _ 
ments include Instructor’s Manual and Study Guide by 
Robert Reddall, and Transparency Masters. 


Microeconomic Analysis of Issues in 
Business, Government, and Society 
Roger L. Beck, University of Alberta 
1978, 288 pages, softcover 
Articles from The Wall Street Journal are combined 
with learning aids to present 45 issues in micro- 
economic theory. Appendices show how the book can 
a arec with many microeconomic texts. Instructor's 
anual. 


COLLEGE DIVISION /McGRAW-HILL BOOK COMPANY 
1221 Avenue of the Americas, New York, N.Y. 10020 


aH 
nih 
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neLu FROM COLUMBIA 


THE NEW INTERNATIONAL MONETARY SYSTEM 
Robert A. Mundell and Jacques J. Polak, Editors 

-Resulting from the 1976 Conference on The New International Monetary 
System held at IMF headquarters in Washington, D.C., this penetrating 
collection of essays by 18 distinguished academicians focuses on ex- 
change rates and international liquidity, two problems that will be crucial 
to the operation of the reformed international system. $12.50 


LECTURES ON THE THEORY OF PRODUCTION 
Luigi L. Pasinetti 

A clear and accessible approach to the classic theory of production, 
which has recently returned to prominence with the work of Wassily Leon- 
tief and Piero Sraffa. Includes detailed presentations of Leontief’s input- 
output analysis and Sraffa’s production model. $15.00 


To order send check or money order to Dept. JN. individuals must enclose payment. In- 
stitutions may request billing. 


Sİ COLUMBIA UNIVERSITY PRESS 


Address for orders: 136 South Broadway, Irvington, New York 10533 


Jos Opennes For Economists 


Available only to AEA members and instituiions that agree to list their openings. 


Annual Subscription Rates 


U.S.A., Canada, and Mexico (first class): $12.00, regular AEA members and institutions 
$ 6.00, junior members of AEA 

All other countries (air mail): $18.00, regular AEA members and institutions 
$12.00, junior members of AEA 

Please begin my issues with: 

O February C April O June C] August O October O December 


Name 
Address 





First Middle Last 


City State/Country ` Zip/PostalCode 
Check one: 


CI l am a member of the American Economic Association. 
C] I would like to become a member. My application and payment are enclosed. 
C] (For institutions) We agree to list our vacancies in’ JOE, 


Send payment (U.S. currency only) to: 


THE AMERICAN ECONOMIC ASSOCIATION 
1313 21st Avenue South. 
Nashville, Tennessee 37212 
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INTERNATIONAL STUDENTS * GRADUATE ADVISORS 
ADMISSIONS OFFICERS ¢ SPONSORING AGENCIES 


THE ECONOMICS INSTITUTE 


for international graduate students and professionals in 
economics and business 


MAKES A DIFFERENCE 
providing specialized transitional and short-term training opportunities 


COMPREHENSIVE SUMMER PROGRAM 
with intensive course work in 


E English @ Mathematics 
W Statistics Æ Economic Theory 
and 
e Lecture and Seminar Programs on the U.S. Economy, 
Business and Management, Computer Fundamentals, 
Agricultural Economics, and Economic Development 


© Field Trips, Orientation and Intercultural Activities 


e Graduation Certificate, Transcript, and Accredited 
Advanced Course Work 


YEAR-ROUND INTENSIVE ENGLISH PROGRAM 


especially designed for economics and business students 
with supplementary training in mathematics, statistics, and economic theory 
as [English proficiency improves 





ENTRY DATES TO SUCCESSIVE FIVE-WEEK TERMS 
Fall Program 1977: September 6, October 10, November 14 (program ends December 16) 
Spring Program 1978: January 16, February 20, March 27, May 1 
Summer Program 1978: June 12, July 17 {program ends August 23) 
Fall Program 1978: Septerpber 5, October 9, November 13 (program ends December 15) 


FOR FURTHER INFORMATION CONTACT 


The Director, Economics Institute 
c/o University of Colorado, Boulder, Colorado 80309 
Telephane: 303-492-7337 Cable: Econinst 


Established in 1958 under the sponsorship of the American Economic Association 
and endorsed by The American Assembly of Collegiate Schools of Business 
and The American Agricultural Economics Association 
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‘accounts: and the other on’ the measurement of industrial concentration 
. Recent papers on input-output analysis 


Also by Leontief 
ESSAYS IN ECONOMICS 
VOLUME | 


Theories and Theorizing 
“These essays by the inventor of 
input-output analysis cast light both 
on the man and his work. The 
methodological papers show the 
subtle considerations that underlie 
the magnificent simplicity of 
input-output economics. And it will 
be useful to have Leontief's most 
important theoretical papers brought 
together in one place, both to see his 
work whole, and to remind us that 
despite his warnings against theory 
without measurement, he is an 
outstanding practitioner of the occuit 
art of pure mathematical economic 
theory.” 

—0Otto Eckstein, Harvard University 
252 pages $12.50 


THE STRUCTURE OF 
AMERICAN ECONOMY 
1919-1939 
An Empirical Application 
of Equilibrium Analysis 
Second Edition, Enlarged 
“The book constitutes a successful 
example of comprehensive 
economic analysis where theory 
goes pari passu with a careful 
utilization of empirical data. 
“Its great teaching is not only that it 
indicates how planning may be 
properly handled but that it also 
demonstrates the extreme difficuity 
and intricacy of this problem.” 
—£conometrica 


264 pages $17.50 


STUDIES IN THE 
STRUCTURE OF THE 


AMERICAN ECONOMY 
Theoretical and Empirical 
Explorations in 

Input-Output Analysis 

“(This book] is a collection of 
essays by members of the Harvard 
Economic Research Project on the 
structure of the American economy. 
One would suspect that the results 
of four years of research by such a 
group would be required reading for 
anyone interested in this field. Such 
is indeed the case. 


“Although broad in scope, this 
volume contains as a single unifying 
theme the attempt to inject more 
realism into the basic Leontief model.” 
—Southern Economic Journal 
562 pages $27.50 


MLE. Sharpe inc. 901 N. Broadway -'White Plains, N.Y. 10603 
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New Tities in Economic Planning 





THE ECONOMIES 
OF THE ARAB WORLD 
Development Since 1945 


Yusif Sayigh 


This primary reference work covers the twelve major 
economies of the Arab world fom 1945-1975, 
analyzing the economic development and the main 
determinants and deterrents to development, both 
in economic and non-economic realms. The con- 
ceptual and theoretical issues are 2=xpanded in the 
companion volume, The Determinants of De- 
velopment. 


THE DETERMINANTS 
OF ARAB ECONOMIC 
DEVELOPMENT 


Yusif Sayigh 


In this companion to The Economies of the Arab 
World, the author explores the main determinants of 
Arab economic development and sets these in the 
context of the broad political economy of underde- 
velopment. He contends that the most significant 
factors in economic development in this part of the 
world are mass and need oriented, and develop- 
ment is seen as involving the whole society. 








December 1977 780 pages December 1977 240 pages 
LC 77-3844 LC 77-3846 
ISBN 0-312-22680-X $50.00, cloth ISBN 0-312-19583-4 $18.95, cloth 
SAUDI ARABIA 2000 THE FIVE FACES 
A Strategy for Growth OF THAILAND 
John Paul Cleron An Economic Geography 

Wolf Donner 


This book provides both a detailec analysis of the 
structures of the Saudi Arabian economy and a 
growth projection to the year 2000, using a long- 
term simulation mode! of the Saudi Arabian econ- 
omy. Professor Cleron first examines the present 
structure of the economy, then assesses alternative 
strategies for growth, and concluces by showing 
how this simulation model can be extended to deal 
with other Middle East economies. 


January 1978 224 pages 
LC 77-9238 

ISBN 0-312-69978-6 $18.95, cloth 
DEVELOPMENT PLANNING 


IN BANGLADESH 
A Study in Political Economy 


Nurul Islam 


This book illustrates the interaction of economic, 
political and administrative factors in two important 
areas of economic policy-making în Bangladesh: 
first, the problems of domestic rescurce mobiliza- 
tion, and second, the industrial investment policy, a 
symbol of the government's socialist declarations. 
The author traces the interplay of diverse factors 
and pressure groups in the evolution of the relative 
roles of private and public enterprise in the indus- 
trial sector. 


September 1977 280 pages 
LC 77-77354 
ISBN 0-312-19694-6 $14.95, c oth 


To order these books for your library, olease write to: 


‘St. Martin’s Press 20.5252, yew york, ny. 10017 


This is a comprehensive study of the land and 
people of Thailand, the impact of the land on the 
country's economic activities, and the impact of the 
economically active people on the land. After an 
introductory section,“Thailand—Environment, 
People and Economy," the author takes a regional 
approach since each of Thailand's five regions (the 
“Five Faces”), has its own distinctive features, 
characteristics, problems, and potentials. 


March 1978 approx. 950 pages, 
LC 77-18118 illustrated 

ISBN 0-312-29423-9 $25.00, cloth 
THE INDIAN ECONOMY 

Poverty and Development 

Pramit Chaudhuri 


The author provides basic information about the 
structure of the Indian economy and its recent 
economic record, offering some explanations for 
India's relatively poor economic performance. He 
indicates what different economists have perceived 
to be the major restraints to economic development, 
provides his own analysis of the situation, and 
makes the point that eradication of poverty requires 
a different order of priorities. 


April 1978 approx. 250 pages 
LC 77-088457 
ISBN 0-312-41378-5 $18.95, cloth 
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Two Bowden Textbooks! 


Yes there are 2 volumes of the Second Edition of Bowden’s principles of 
economics book and one will work for your class! Whether your students 
will be studying economics on a quarter or semester plan, or any abbreviated 
format, there is a version of Bowden’s ECONOMICS: THE SCIENCE OF 
COMMON SENSE, Second Edition, to fit your schedule! 

Both the Standard and the Abridged Editions give students a thorough 
first course in economics. The Standard text is ideal for a 2-semester or 
3-quarter study program; the Abridged Edition is designed for 1-term intro- 
ductory economics courses. It contains 22 chapters of carefully selected 
material from the Standard volume. 

The new editions have been completely revised with an appropriate 
biend of macro and microeconomic topics and similarly balanced discussions 
of the American and international economic picture. 

Put either volume of ECONOMICS: THE SCIENCE OF COMMON SENSE, 
Second Edition, by E. V. Bowden to work in your economics classes. 


It’s Your Class, 
Your Choice 


CERE ET I a A 
ANVI OS). | 


The Science of Common Sense 





i 
Second Edition 
ARE SON DEN) 


SOUTH-WESTERN PUBLISHING CO. 


5101 Madison Road, 355 Conde Street, 11316 Gemini Lane, 925 Spring Road, 855 California Avenue, 
Cincinnati, OH 45227 West Chicage,1L 60185 Ballas, TX 75229 Pelham Manor, NY 10803 Palo Alto, CA 94304 
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STUDIES IN 
ECONOMICTHEORY 


INTRODUCING A DISTINGUISHED NEW BOOK SERIES 


CAPITAL AND ITS STRUCTURE 

by Ludwig M. Lachmann 

156 Pages, Index 

$15.00 Cloth, $4.95 Paper ($5.50 in Canada) 


THE ULTIMATE FOUNDATION OF 
ECONOMIC SCIENCE An Essay on Method 
by Ludwig von Mises, 

Introduction by Israel M. Kirzner 

168 Pages, Index 

$15.00 Cloth, $4.95 Paper ($5.50 in Canada) 


ECONOMICS ASA 
COORDINATION PROBLEM 

The Contributions of Friedrich A. Hayek 

by Gerald-P. O'Driscoll, Jr. 

Foreword by FA. Hayek 

240 Pages, Index 

$15.00 Cloth, $4.95 Paper ($5.50 in Canada) 


NEW DIRECTIONS IN AUSTRIAN 
ECONOMICS 

Edited with an Introduction by Louis M. Spadaro 
256 Pages, Index 

$15.00 Cloth, $4.95 Paper ($5.50 in Canada) 


CAPITAL I EXPECTATIONS, AND THE 
MARKET. PROCESS Essays on the 
Theory of the Market Economy 

by Ludwig M. Lachmann, Edited with an 
Introduction by Walter E. Grinder 

360 Pages, index 

$15.00 Cloth, $4.95 Paper ($5.50 in Canada) 


MAN, ECONOMY, AND STATE 

A Treatise on Economic Principles 

by Murray N. Rothbard - 

1005 Pages, Index 

$30.00 Cloth (2 Voluesj, $10.00 Paper 


THE FOUNDATIONS OF MODERN 
AUSTRIAN ECONOMICS 

Edited with an introduction by Edwin G. Dolan 
248 Pages, Index 

$12.00 Cloth, $4.95 Paper ($5.50 in Canada) 


SHEED ANDREWS S 4 A M 
& McMEEL, INC C3/VIL/ 


6700 Squibb Road/Mission, KS 66202 


CAPITAL, INTEREST, AND RENT 

Essays in the Theory of Distribution 

by Frank A. Fetter 

Edited with an Introduction by : 

Murray N. Rothbard f 
408 Pages, Index 

$12.00 Cloth, $4.95 Paper ($5.50 in Canada) 


THE ECONOMIC POINT OF VIEW 

An Essay in the History of Economic Thought 
by Israel M. Kirzner i 

Introduction by Laurence S. Moss ° 

248 Pages, Index 

$12.00 Cloth, $4.95 Paper ($5.50 in vanada 


AMERICA’S GREAT DEPRESSION 
by Murray N. rae 
381 Pages, Ind 
$12.00 Zioth, $4: 95 Paper ($5.50 in Canada) 


THE ECONOMICS OF LUDWIG VON 
MISES Toward a Critical Reappraisal 

Edited with an Introduction by Laurence S. Moss 

140 Pages, Index 

$12.00 Cloth, $3.95 Paper ($4.50 in Canada) 


Forthcoming titles in the Studies in Economic Theory 
series will feature major new works by contemporary 
Austrian economists plus republication of such seminal 
classics as: 


Principles of Economics, by Carl Menger 
Economic Calculation in the Socialist Society, ` 
by T.J.B. Hoff 

Epistemological Problems of Economics, ~ 

by Ludwig von Mises 


The series will also include translations of previously 
inaccessible writings by Carl Menger, Richard Strigl, 
Ewald Schams, Leo Schénfeld-lly, Ludwig v von Mises, 
and athers. 
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Begin making plans to attend the 
_ Minety-First 
Annual Meeting of 
The American 
Economic Association 


to be held in 


CHICAGO, ILLINOIS 


Tuesday, Wednesday, Thursday 
AUGUST 29-31, 1978 


The 1978 Employment Center will be held December 28-30 at the Conrad 
Hilton in Chicago, Illinois. Please note that there will not be an Employ- 
ment Center at the August meetings. 


See the Notes section of the June, AER for the preliminary program. 


The 1979 meeting will be held in Atlanta, GA, December 28-30. 














THE NEW WORLD OF 
ECONOMICS: Explorations into 
the Human Experience, 
Revised Edition (paperbound) 
Richard B. McKenzie, Clemson 
University, and Gordon Tullock, 
Virginia Polytechnic Institute and 
State University 


MACROECONOMICS, 
Revised Edition 


Paul Wonnacott, 
University of Maryland 


ECONOMIC ANALYSIS: Theory 
and Application, Third Edition 
The late C. E. Ferguson, and 

S. Charles Maurice, 

Texas A & M University 


CASES IN COLLECTIVE BARGAINING AND INDUSTRIAL RELATIONS: 
A Decisional Approach, Third Edition (paperbound) 
Sterling H. Schoen and Raymond L. Hilgert, both of Washington University 


INTERNATIONAL ECONOMICS, 
Sixth Edition 

Charles P. Kindleberger, 
Massachusetts Institute of Technology, 
and Peter H. Lindert, 

University of California at Davis 





HISTORY OF ECONOMIC 
THOUGHT, Third Edition 


1. H. Rima, Temple University 


READINGS IN MONEY, NATIONAL 
INCOME, AND STABILIZATION 
POLICY, Fourth Edition 
(paperbound) 


Edited by Ronald L. Teigen, 
University of Michigan 





All texts are available now! 


Examination copies tor adoption consideration available on 





request. Please indicate course title and text presently used. 


Richard D. Irwin, Inc. 
Homewood, Illinois 60430 
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HARRY G. JOHNSON 
DISTINGUISHED FELLOW 
1977 


Harry G. Johnson, whose recent untimely death prevented his receiving this award in 
person, was a consummate professional economist. To him, “the profession” meant a great 
deal, far more than to most of our colleagues; indeed, his life dnd work were dedicated to it. 

For Harry Johnson, economics was a mature, living social science. It was mature in the 
sense that it grew out of a grand tradition forged by some of the greatest minds of earlier 
generations; it was a social science in that it dealt with people and institutions in the real 
world. It was alive in the sense that it had much to say to peopleand to governments about 
the current problems and decisions that they faced. 

Harry Johnson’s career reflected his devotion to the profession in all of these senses. 
Conscious of our professional heritage, he took pains to keep it current, integrating new 
contributions with it; demonstrating again and again how its lessons had meaning for in- 
terpreting events and for guiding policy choices. He nurtured the grand tradition of eco- 
nomics, too, in his celebrated role as critic, dealing harshly with those who treated our 
heritage lightly, or who mistook novel twists for fundamental challenges to the corpus of 
economic theory. 

Intermingled with Johnson’s continuing effort to integrate the new with the old, and to 
provide the profession with a current version of its distilled wisdom, were many substantive 
contributions to our knowledge. He was a major contributor to the modern theory of tariffs, 
to the theory of income distribution, and to the integration of the theories of international 
trade and economic growth. In an entirely different vein, especially in his classic articles 
“The General Theory after Twenty-Five Years” and “A Survey of Monetary Theory,” he 
clarified the contributions of Keynesian economics and helped move the profession toward 
a modern synthesis of the Keynesian and monetary approaches. In yet another direction 
was his work on the monetary approach to the balance of payments. This, the most impor- 
tant innovation in international economic theory of recent years, was foreshadowed by 
Johnson during the 1950’s and was further developed by him and other members of the 
International Trade Workshop at Chicago during the last years of his life. 

These are necessarily only samples of the many contributions contained in the more than 
500 scientific papers and twenty books authored by Johnson. Perhaps the best indices of the 
number and merit of these contributions are those given by the profession itself: the liter- 
ally thousands of citations to Johnson’s works, and the great frequency with which his 
papers were anthologized. f 

For Harry G. Johnson’s substantive contributions, and for his valued role as critic of and 
mentor to the profession, we are pleased to recognize his distinction. 
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American Indian Relative Ranching Efficiency 


By RONALD L. TROSPER* 


Although there have been many hypoth- 
eses advanced to explain American Indian 
poverty on reservations, few have been sub- 
jected to statistical tests. Using a 1967 
sample of Indian and non-Indian ranchers 
on the Northern Great Plains, this paper 
examines several competing explanations. 
Because the sample contains data of in- 
dividuals’ actions, it cannot be used to test 
explanations about tribal economic deci- 
sion making. Using profit function tests 
developed by Lawrence Lau and Pan 
Yotopolous, one finds that Indian ranchers 
on the Northern Cheyenne Reservation in 
Montana and neighboring whites profit 
maximize to the same degree. The lower 
level of output per acre for Indians is due to 
less capital per acre. Indians may face a 
capital market constraint and may have 
higher technical efficiency than whites. 
Both possibilities are related to the higher 
proportion of leased land among Indians. 
Since most policy recommendations are 
based upon a belief that Indians need man- 
agement advice or capital, the results of 
this paper suggest a reinterpretation of 
Indian ranching. Ranching is important 
because approximately 60 percent of Indian 
lands in the United States excluding Alaska 
and Hawaii are open grazing land (see 
Henry Hough, p. 76). 

Three types of explanations have been 
combined in various ways in the literature 
“on Indian poverty. The first is that Indians 
have different constraints on their par- 
ticipation in the market than do non- 
Indians (see Gary Becker, Peter Dorner, 
Sol Tax and Sam Stanley, James Fitch, 
Russel Barsh and James Youngblood Hen- 


*Assistant professor of economics, Boston College. 
Summer research support from a University of Wash- 
ington Faculty Scholarly Development Grant was 
greatly appreciated. An earlier version of this paper 
was presented at the Eastern Economic Association 
meetings on April 15, 1977. Comments by James 
Murray and other participants were very helpful. Re- 
maining errors are my responsibility. 
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derson, the author, and the American 
Indian Policy Review Commission). For 
example, the Bureau of Indian Affairs 
(BIA) approves and supervises all leases of 
Indian lands, whether owned individually 
or tribally. Such activity may raise the costs 
of using Indian land above the rental fees 
charged. In the capital market, only federal 
and tribal courts have jurisdiction over civil 
matters on Indian lands in some states. The 
resulting uncertainty to banks accustomed 
to state law may raise the cost of capital to 
Indians (see John Mudd). 

A second explanation is that Indians lack 
managerial and technical knowledge. Alan 
Sorkin (p. 67) and Sar Levitan and William 
Johnston (p. 21) cite weak evidence given 
by BIA land officers that Indians fail to ob- 
tain high enough calf yields or choose to 
raise cattle when sheep would be more 
profitable. William Brophy and Sophie 
Aberle (pp. 80-85) appear to support this 
view, with little evidence. ; 

A third explanation is that Indians have 
different goals than non-Indians (Robert 
Bennett, Robert Bigart). Brophy and Aberle 
(pp. 84-85) repeat the claim of Harry Getty 
(1961-62, 1963) that the small scale of 
ranches on the San Carlos Apache Reserva- 
tion is caused by Indian values. Examples 
are Indian folkways, kin group patterns, 
generosity, and sporadic activity. This 
hypothesis is similar to that of the “inert 
peasant” or “‘satisficing peasant” in the 
economic development theory literature 
(see Lloyd Reynolds, p. 5). 

These three types of explanation are not 
mutually exclusive. In his survey in 1959, 
Dorner attributes some effect to all three in 
explaining Indian poverty. Fitch also con- 
siders a combination to be important. Prob- 
lems in one category might exacerbate 
difficulties in another dimension. Some may 
think that Indian managerial knowledge is 
low because of cultural history—Indians 
were hunters, not businessmen-—while 
others may think that Indian managerial 
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knowledge is low because access to educa- 
tion has been withheld. (Compare Gordon 
MacGregor to Edgar Cahn, pp. 25-54.) 
Another common belief is that receipt of 
government rations has changed Indian 
behavior patterns, making them less self- 
reliant (see MacGregor, p. 62; Kenneth 
Boulding, p. 100). Another interaction 
could occur if goals such as the preserva- 
tion of tribal governments require that 
State power to tax and to regulate be lim- 
ited. A price for utilizing state civil law in 
the capital market might be that a tribe sub- 
mit to state jurisdiction in all matters. 

Emphasizing the interrelationships may 
obscure the point that the three explana- 
tions are not necessarily related. It is pos- 
sible that only one applies in a particular 
case. Nor does one problem necessarily 
create another. Take, for instance, diffu- 
sion of technical knowledge. Many believe 
government interference or cultural differ- 
ences prevents Indians from obtaining such 
knowledge. This argument is not neces- 
sarily true and may not be plausible. Sup- 
pose that interference slows the rate of 
diffusion by some percentage. Indians 
would not be the first to learn of a new 
vaccination, but they would eventually do 
so. Such ideas come in spurts. Government 
interference might double the time required; 
a move from five to ten years, say. Even- 
tually, Indians would catch up with neigh- 
boring non-Indians after each spurt of 
ideas. Since ranching on the Northern Great 
Plains has existed since the late nineteenth 
century, Indians have had time to catch up 
with neighboring whites. Checking the data 
will show if they have or not. 

Similarly, there is no necessary conflict 
between values and the efficient use of re- 
sources. The theory of the “optimizing” 
peasant is now ascendant in economic de- 
velopment theory because more facts are 
consistent with it (see Reynolds, pp. 5-8). 
People of diverse cultures make allocation 
decisions similarly. Indians probably are 
optimizers also. Lorraine Ruffing showed 
that a community of Navajos responded in 
the right direction, in that case transferring 
resources from sheep to cattle raising. In 
contrast to the BIA view cited above, 
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Ruffing found cattle to be more profitable 
than sheep. She argues that there is no neg- 
ative relationship between “communal” 
values and efficient resource allocation. 

Two thorough studies of ranching on the 
Crow and Blackfeet reservations do not 
assert that Indians are less efficient than 
non-Indians. Both Ralph Ward et al. and 
Sidney Tietema, Ward, and Baker stress 
the importance of many barriers besides 
ability and values. In generating recom- 
mendations based on the studies, Tietema 
assumed without caveat that Indians would 
apply average managerial ability to the 
alternatives which he costed (p. 11). 

In addition to furthering our understand- 
ing of the position of Indians in the United 
States, tests of these competing views are 
important because they have been used to 
justify different policy recommendations. 
An incorrect diagnosis supports policies 
which are either ineffective or which make 
the real cause worse. Assume that the fed- 
eral goal is to raise the income of Indians. 
If high capital costs are the main obstacle, 
and Indians are already as knowledgeable 
as other ranchers, then extension expendi- 
tures directed at techniques will have little 
impact. Yet a belief that Indian manage- 
ment is the problem suggests extension ex- 
penditures. Should the real problem be BJA 
interference with Indian management, 
neither a credit program nor an extension 
program will have an effect; BJA adminis- 
tration of either might strengthen BIA 
power. 

Current federal policy is based primarily 
upon a belief that Indian managerial and 
technical knowledge is the effective con- 
straint. Barsh and Henderson (pp. 309-13) 
call this belief ‘‘leadership-deficit thinking” 
when applied to tribal decisions. The Indian 
Self-Determination and Education Assis- 
tance Act became law in January, 1975 
(Public Law 93-638). It was praised as 
watershed legislation in both Congress and 
the Executive Branch. The self-determina- 
tion portion of the law seeks to strengthen 
Indian ability to manage tribal affairs. The 
education assistance portion supports train- 
ing individuals. The results of this paper 
suggest that the Northern Cheyenne are al- 
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ready as good as or better at ranching as 
~are neighboring non-Indians. After con- 
trolling for capital and land holdings, any 
significant difference between Indians and 
whites favors this group of Indians. Al- 
though this result affects only the education 
assistance portion of the legislation, it calls 
into question the assumption underlying the 
self-determination part as well. 

Firm-level data should serve to exclude 
some of the explanations. In order to do so, 
we must first derive implications from the 
theories about the comparative behavior of 
Indian and non-Indian ranchers. If Indians 
and whites differ in abilities, constraints, or 
goals, they will operate ranches at different 
scales, factor input ratios, levels of techni- 
cal efficiency, and levels of profit. The task 
is to disentangle the various effects. Rather 
than attempt to develop each theory inde- 
pendently and then apply the results to the 
data, I will proceed directly to discussing 
each of the effects after describing the data 
base. The Appendix contains the definitions 
of the variable notation. 


7 I. The Data 


In the process of designing a study of 
Indian livestock operators on the Northern 
Cheyenne Reservation, members of a re- 
search office in the BIA, the Missouri River 
Basin Investigations Project (MRBIP) dis- 
covered that the Economic Research Ser- 
vice of the Department of Agriculture was 
simultaneously undertaking a similar study. 
The BIA therefore collected comparable 
data for the same year, 1967. Both agencies 

~wished to determine reasonable lease rates 
for grazing land. The BJA, in addition, 
wished to discover what could be done to 
aid Indian livestock operators. Upon read- 
ing the resulting comparative study (see 
U.S. Department of the Interior), I re- 
quested and obtained access to the original 
data, with names deleted to protect in- 
dividual privacy.! 


1I would like to thank the Planning Support Group 
(formerly the MRBIP) of the Bureau of Indian Affairs 
and the Economic Research Service of the Depart- 
ment of Agriculture for providing access to raw data. 
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The non-Indian ranches are a stratified 
random sample of ranchers with more than 
fifty head of cattle located in southeastern 
Montana, northwestern South Dakota, and 
northeastern Wyoming. The Northern 
Cheyenne Reservation is located in south- 
eastern Montana. The Indian sample is all 
Indian operators with more than ten head 
who wished to cooperate. There may have 
been some bias resulting from self-selection 
of the Indian ranchers; however, the re- 
sulting forty-three ranches used here are 
approximately half the total number of 
Indian ranchers on the reservation.? 

The collected information is fairly com- 
plete. Table 1 provides descriptive statistics. 
The value of sales, the type of cattle sold 
(primarily calves), the value of capital 
(equipment, buildings and improvements, 
initial cattle inventory), the quantity of land 
owned and leased, and the amount and cost 
of hired labor are available for each ranch. 
Family labor data are weak; the BJA inter- 
viewer did not obtain a careful estimate of 
time actually worked by operators who said 
they worked ‘‘full time”; the data on whites 
are similarly suspect. Those ranches which 
did not hire labor did not report what they 
would have had to pay. In order to preserve 
the size of the sample, wage data for such 
ranches had to be provided. The wages paid 
by other ranches in the same county were 
used for the non-Indian ranches. Indian 
ranches were assigned the average wage 
paid by those which hired labor. “Wage 
paid” includes board and room, if pro- 
vided. Although these substitutions artifi- 
cially reduce the variation in the wage data, 
the difference in hired labor costs is signifi- 
cant in the sample of ranches which hired 
labor. 

The cost of borrowing is unavailable for 
either group. Education of operator is 
available only for Indians; the median edu- 
cation achieved by Indian operators is 10.8 
years. According to the U.S. Bureau of the 


2There were a total of ninety-seven Indians either 
ranching or farming or both on the Northern Cheyenne 
Reservation in 1967. The MRBIP report does not give 
the percentage sampled by the Department of Agri- 
culture. 
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TABLE I— DESCRIPTIVE STATISTICS 
Full Sample Indians Whites 
Standard Standard Standard 
Mean Deviation Mean Deviation Mean Deviation 
Number of Observations 113 - 43 - 70 ~ 
Capital ($ Value) 83,800 49,600 51,800 27,600 103,000* 49,800 
Land (Acres)? 7,480 4,910 6,390 3,860 8,1405 5,350 
Land ($ Value) 226,000 140,000 185,000 109,000 252,000 150,000 
Rental per Acre ($ Per Year) ` .675 .468 .721 .173 .646 .577 
Owned Land Value/Operated 
Land Value .450 .376 .0668 .0809 .696° 244 
Labor (Weeks/Year) 81.7 38.3 60.9 29.1 94.58 37.7 
Daily Wage? 10.4 1.58 11.4 1.77 9.69° 936 | 
Production ($) 23,900 17,700 16,200 12,500 28,600° 18,800 
Average Value per Animal Sold 126. 37.6 111. 31.7 136.¢ 37.8 
Production Less the Cost of 
Hired Labor 23,100 16,700 15,700 11,900 27,600¢ ` 17,600 





Source: MRBIP and Economic Research Service. 


4Both Indian and white ranches have the same median size, 6780 acres. 
>The statistical tests describe data for those ranches which hired labor. 


¢White and Indian means different at the 5 percent level. 
4 White and Indian means different at the 1 percent level. 


White and Indian means different at the .05 percent level. 


Census (1973), all Indians twenty-five years 
old and over on the Northern Cheyenne 
Reservation had a median of nine years of 
education in 1970. Rural Montana farm 
residents in 1970 in the same age class in 
the counties from which the non-Indian 
sample was drawn had medians slightly 
above twelve years of school completed 
(U.S. Bureau of the Census, 1971). 

The BIA study provides average values 
for land of each type (see U.S. Department 
of the Interior, p. 60); land value for each 
ranch was estimated using the following 
values: $125 per acre for irrigated land, $60 
per acre for dry cropland, and $25 per acre 
for range. This procedure creates error by 
assuming values are constant across groups 
within each type of land. Market data on 
value would be biased as a measure of pro- 
ductivity, however, because legal restric- 
tions on the sale of Indian land depress its 
market value. 

All but one rancher leased at least some 
grazing land. Indians leased over 90 percent 
of their land, measured by value rather than 
acres, while the non-Indians leased approxi- 
mately 30 percent of theirs. Reported lease 
rates in Table 1 refer to the average on 
leased land. 


In summary, the data are sufficiently 
complete for comparative study of Indians 
and whites. None of the data gaps are in- 
surmountable. Cross-section data serves 
well for examining relative efficiency. I 
now turn to the comparisons. 


II. Scale and Factor Ratios 


Observations about the scale of enter- 
prise cannot distinguish among the explana- 
tions because each of them either suggests 
that Indian ranches will be smaller on aver- 
age than non-Indian ranches, which is the 
case, or makes no prediction regarding 
scale. Examination of factor input ratios is 
more productive. 

Regarding scale, if Indians face higher 
costs for some inputs, the optimum size of 
operation will be smaller than for whites, 
who have access to cheaper inputs. Second, 
with constant returns to scale, better man- 
agers, having more ability (a factor input), 
will operate at a larger scale. Firm size will 
be determined by the owner’s knowledge. 
Finally, if Indians are not profit maximiz- 
ers, they will not have an incentive to op- 
erate at the profit-maximizing level. Their 
firm size could be above or below the profit- 
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TABLE 2—COMPARISON OF RATIOS 








Means 
Variable Indians Whites Ratio of Means 

Production i 

/Land Value .0838 .1213 -691 
Capital 

/Land Value .297 .4593 .647 
Labor 

/Land Value .000401 .000469> -85 
Capital/Labor 941 1098? 86 


Source: See Table 1. 
3 Difference in means significant at .05 percent level. 
b Difference not significant at 5 percent level. 


maximizing size; thus there is no prediction 
from the view that Indians are not profit 
maximizers. 

Examination of factor input ratios pro- 
vides some differentiation and is consistent 
with the idea that Indians face higher capi- 


tal costs. High capital costs and profit- . 


maximizing behavior imply that the capital- 
labor and capital-land ratios will be lower 
for Indians than for non-Indians: Neither 
lack of managerial ability nor nonprofiting- 
maximizing behavior suggests anything 
specific about such input ratios. A manage- 
ment error could cause input ratios to be 
wrong in either direction. If the mean of 
each group is the correct ratio,.then the 
group with the larger variance will be mak- 
ing more errors than the other group. A test 
against the null hypothesis that input ratio 
variances are equal is appropriate; the test 
shows one cannot reject the hypothesis.’ 

Table 2 gives the capital-land, capital- 
labor, and labor-land ratios for the ranches 
by group. For each of the three, the white 
ranchers have the higher ratios. The differ- 
ence is significant only for the capital-land 
ratio, when land is measured by value. If 
both groups are responding to actual prices, 
this evidence suggests Indians face higher 
capital costs because rental rates are not 
significantly different between the groups. 
Since Indians pay significantly higher wages, 
one cannot examine the capital-labor ratio 
to test for higher capital costs. 


3The test statistic comes from Alexander Mood and 
Franklin Graybill, pp. 307-08. 
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Although the test on capital-land ratios 
suggests Indian access to capital is inhibited 
compared to whites, the source of the prob- 
lem may not be that suggested in the litera- 
ture: lack of access to credit due to tribal 
rather than state jurisdiction.4 Northern 
Cheyenne ranchers owned an average 6.7 
percent of their operated land, while whites 
owned 69.6 percent of their operated land. 
Greater cash flow from owned land is a 
potential source of capital. Insecurity of 
tenure on leased land may discourage in- 
vestment. The following equation shows 
there is a significant relationship between 
the ratio of capital to land, R, and the pro- 
portion of operated land which is owned, S. 
Land is measured by value rather than 
acres. 


(1) R = 290 + .236 S 


(021) (.035) 


R? = .29; Number of observations = 113 


Standard errors are in parentheses. A Chow 
test shows the relationship is the same for 
both groups. Similarly, ifa dummy variable 
for whites is added to equation (1), a t-test 
shows its coefficient is not significantly 
different from zero.° 

The difference between the means of the 
capital-land ratio in Table 2 is .162. The 
difference between the means of the pro- 
portion of owned land is .629; the product 
of this difference and the coefficient of S in 


4A capital market constraint has been suggested by 
many (see Dorner, Mudd, Frank LaFontaine, Barsh 
and Henderson, and the author). These authors 
identify two separate legal situations. 1) Federal law 
often explicitly prohibits mortgages of trust land and 
assets generated from that land, whether owned by 
individuals or by a tribe (for examples see La- 
Fontaine, pp. 30-34). Such land or assets are “re- 
stricted” and held in “trust.” 2) For unrestricted in- 
dividual or tribal property--such as cattle—civil 
jurisdiction, with some exceptions, is in the tribal 
court (see LaFontaine, p. 31). The first condition 
applies to individual land even under tribal law. Un- 
able to mortgage their land, Indians can offer no 
security for loans. This is a cost to them. 

5The full equation, with DW the dummy variable 
for whites, is as follows: 


R = 285 + 1855 + .046D” 
(.021) (.065) (048) 


R? = .29; Number of observations = .113 
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equation (1) is .148. Therefore, nearly all of 
the difference in the means of the capital- 
land ratio can be accounted for by differ- 
ences in land ownership. Capital ownership 
is significantly related to land tenure and 
some discussion of possible causes follows. 

It is difficult for individual Indians to as- 
semble large tracts of land under one owner. 
In 1967, about 60 percent of the grazing 
land on the Northern Cheyenne Reserva- 
tion was tribal land which individuals can- 
not purchase. Individual Indians or their 
heirs owned the remainder in small ‘‘allot- 
ments” averaging 150 acres each. These 
allotments were created when the allotment 
policy was applied to the reservation in 
1932. Beginning in 1887, successive Indian 
reservations were allotted in an attempt by 
the federal government to break up reserva- 
tions; assigning individual property to In- 
dians was to lead to eventual assimilation 
and disappearance of tribes (Harold Fey 
and D’Arcy McNickle, pp. 79-90). The 
policy ended in 1934, but allotments re- 
main. Purchase of allotments is made diffi- 
cult by a complicated heirship situation 
which created multiple ownership for the 
majority of allotments. In these cases, all 
owners must agree on a sale; since many 
heirs are minors, they need court-appointed 
guardians to approve a sale. Sales are there- 
fore difficult to arrange (see U.S. Congress, 
p. 348). Since individual ownership of the 
proper size ranch for a family operation is 
difficult, land use is instead governed by 
range leases administered by the BJA. Un- 
der this situation, it is not clear that an 
Indian rancher could purchase sufficient 
reservation land even with credit. 

Although most white ranchers own a 
greater share of their land than do Northern 
Cheyenne ranchers, the statistical relation- 
ship between the owned proportion and 


the capital-land ratio is the same for both. | 


This suggests but dozs not prove both 
groups are governed by the same capital 
access rules even though whites do not face 
the jurisdictional or land tenure problems 


6} thank James Murray for suggesting the im- 
portance of land tenure. 
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alleged to trouble Indians. One possible ex- 
planation is that insecure tenure based on 
leases, whether Indian or white, discourages 
capital investment; a credit constraint is 
not effective. Another possible explanation 
could lie in the time path of investment on 
each ranch, although no dynamic model is 
attempted here. Land use and ownership on 
the reservation was changed in 1932 and 
most Indian ranches have been established 
since then. Many of the white ranchers in- 
herited substantial land acquired by their 
parents or grandparents in the late nine- 
teenth or early twentieth centuries when the 
cost of assembling large tracts was low. 
Cash flow from the owned land could aid 
investment and Indians started late. Cross- 
section data from one year is insufficient to 
settle these issues. 

’ In summary, although Indians have lower 
capital-land ratios which correlate with 
land tenure, identifying causation is dif- 
ficult. The lower average size of Indian 
ranches may also be related to the age of 
the ranch as a family enterprise. 


III. Output-Factor Input Ratios 


Tests on scale and factor proportions are 
consistent with the view that Indians have 
higher capital costs, but they cannot rule 
out the possibilities that Indians have less 
managerial knowledge or different goals. 
Even though the white and Indian ranchers 
act as if they face different factor prices, if 
one assumes that they operate under the 
same production function, it should be 
possible to test whether or not they are 
equally efficient. As emphasized by Lau and 
Yotopolous, efficiency has two compo- 
nents. “Technical” efficiency refers to a 
scale parameter in the production function. 
“Price” efficiency describes maximizing be- 
havior. To illustrate technical efficiency, as- 
sume a fixed form for the production func- 
tion G(N,7,K) with the arguments labor, 
land, and capital, respectivey. Define two 
production functions which differ by a scale 
parameter: 


(2) FlisA'G; F¥ =A%G 
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Because of the econometrics involved, it 
is convenient to test for the equality of A’ 
and A” using profit rather than production 
functions. Before doing so, however, impor- 
tant insights can be gained by examining 
ratios of output to factor input. 

Sorkin has argued that Indians are less 
efficient than whites because they produce 
less per farm and per acre (p. 67). This 
argument is incorrect. Indians use different 
amounts of capital and labor per acre. 
Since Indians have less capital per acre, 
one would expect them to have less output 
per acre. One must compare the differen- 
tial: do Indians produce less than what 
would be expected, given that they use less 
capital per acre? 

In terms of the production functions, we 
transform them by dividing output and the 
other two inputs by the amount of land. 
Assuming constant returns to scale, then 


(3) Y'/T! = A'G(N'/T),1,K'/T') 


with the index i running over J and W. If 
the proportions Y/T, K/T, and N/T are 
approximately the same for the two groups, 
then we would conclude that A‘ = AY. If 
the three ratios are not the same, then we 
must assume something more specific about 
the form of G and take into account factor 
prices in order to make the test correctly. 
Examining the ratios has the virtue of 
simplicity. 

Table 2 presents this test. The results ap- 
pear to confirm the view that Indians and 
whites have the same technical efficiency. 
Although Indians produce 69 percent as 
much per dollar of land value, they have 
65 percent as much capital per dollar of 
land and 85 percent as much labor per 
dollar of land. The 85 percent figure may 
be too high because Indian family labor in- 
put may be overestimated. 


IV. Relative Technical and Price Efficiency 


The fact that the input ratios are not 
exactly the same for Indians and whites 
suggests that more sophisticated tests be 
used, Adopting a specific form for the pro- 
duction function allows correction for the 
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fact that factor inputs vary across groups. 
Price inefficiency creates an identification 
problem for tests of technical efficiency. As 
Yotopolous and Lau show, one should 
simultaneously test for both types of effi- 
ciency if price inefficiency is suspected. 
Their method uses a Cobb-Douglas vari- 
able profit function. Since their paper de- 
rives the method, I will explain only the 
procedure. The important tools are a defini- 
tion of price efficiency and a variable profit 
function. 

Price efficiency is defined as follows. Sup- 
pose that the two types of firms respond to 
factor prices differently. In the labor mar- 
ket, for instance, rather than equating the 
value of the marginal product to the wage 
rate, each firm may interpose a propor- 
tionality term k’, as follows: 


(4) F(N, T, K)/ð N = kiw'i/ Pi 


where w" = wage rate for firm i 
P’ = output price for firm i 
ie U,W) 


If k! = k” = 1, both firms have absolute 
price efficiency. If k! = k” * 1, both firms 
are not price efficient but have the same re- 
lative price efficiency. If k! = k”, the firms 
have different price efficiency. 

Although the two firms may differ in 
technical! constants, A’ and A”, to introduce 
the profit function, let us write a common 
Cobb-Douglas production function as fol- 
lows: 


(5) G(N,T,K) = A N*T®! K®2 


where A = technical constant 

N = labor 

T = land 

K = capital 

a = elasticity of output with respect 
to labor 

8, = elasticity of output with’ respect 
to land 

8, = elasticity of output with respect 
to capital 


The data describe activities in one season. 
In this period, capital and land are fixed 
and labor is variable. Define normalized 
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variable profit x as current revenue less 
current variable costs, in this case the wage 
bill, divided by the price of output. Duality 
theory shows that there is a variable profit 
function corresponding to the production 
function defined by (4) as follows: 


(6) = = H(w,T,K) 
= AC- (] — g)-aweT Ke 


where ~ = normalized variable profit 
w = w'/P = normalized wage rate 
a= -a(l — a)! 
bi = B,(1 — a)! 
b, = a(l — a)! 


Variable profit is a decreasing function of 
the normalized wage rate and an increasing 
function of land and capital. Variable profit 
depends upon the wage rate and fixed fac- 
tors; these are exogenous variables. A 
simultaneous equation model is not re- 
quired to estimate parameters; those in the 
profit function are functions of those in the 
production function. Further, because 
Northern Cheyenne and neighboring whites 
differ in levels of capital and land, this tech- 
nique allows us to correct for these differ- 
ences directly, 

If the firms vary in technical efficiency, 
one can substitute either 4/ or A” for A in 
(5). If the two firms vary in their price effi- 
ciency, however, this straightforward sub- 
stitution is not possible. To incorporate 
k! and k” as defined in (4) above, Lau and 
Yotopoulos show that the observed vari- 
able profit function is 


(7) a! = Aw T" K” 
where, fori e (Z, W), 
(8) Ak = AMO — afkyk) a 


The goal is to test whether or not A’ = A” 
by using a dummy variable to estimate 
A /A%,. The test will not work if k! = k”, 
because the ratio A ¥/A4, involves the con- 
stants k’ and k”, as follows: 


o 4k. (A" re = alter 
Al va 1 — ajk Ak 


If k! = k”, however, the ratio simplifies to 
the following: 
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(10) ae = [AM /ANe-a! 


oe 


First we must test k? = kř”. To do so, 
Yotopoulos and Lau exploit a convenient 
property of the Cobb-Douglas function. 
When factor prices vary, quantities adjust 
to keep factor shares constant. The same is 
true for the ratio of variable factor costs to 
variable profit. Suppose a firm responds 
efficiently to the wage rate, i.e, k’ = 1. 
Then 


(11) -wN/r = -a(l - a)! =a 


But if a firm is acting as if the wage rate is 
kw, then the ratio k'wN/r will be constant 
as w varies, not wN/r. We do not observe 
k'w. Yotopoulos and Lau show that when 
kil, 

(12) -wN/r = a(l — a)[k'(1 — a/k'))7! 

— a! 

This equation defines a’. We can therefore 
test the hypothesis k’ = k” by testing 
whether or not the ratio of the observed 
wage bill to variable profit is significantly 
different for Indians and whites. The ap- 
propriate equation is 


(13) —wL/w = d D! + a” DY” 


where OD! = 1 for Indians, 0 for whites 
D* = | for whites, 0 for Indians 
L = hired labor i 


N 


We substitute hired labor L, for total labor 
N, for this sample because family labor data 
are weak. Family labor is omitted and 
treated as fixed.’ 

If the test shows equal relative price 
efficiency across groups, we can proceed to 
test absolute price efficiency and relative 
technical efficiency with the Cobb-Douglas 
profit function. The estimating equation 
uses a dummy variable for whites. The two 
profit functions are 


(14) ow! = ALT?! K’? 
(15) x” = AL(AW/AL wt T" K”? 


i 


7There is no significant difference between the two 
groups in the proportion of total labor which is hired. 
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TABLE 3—ESTIMATION OF COBB-DOUGLAS PROFIT AND LABOR DEMAND FUNCTIONS, LABOR VARIABLE 











Model 1 
Ordinary 
Least 
Parameters Squares Unrestricted 

Variable Profit Function 

In Al, —6.98 -7.59 
(.75) (71) 

d — 185 — 229 
(11) (.10) 

In Bi - - 

c 5 - 

f É 3 

a .0779 — 00393 
(.28) (.26) 

bi .178 .197 
(11) (11) 

b, 1.02 1.05 
(.12) (11) 

Labor Demand Function 

a — .0291 — .0291 
(.0072) (.0072) 

aY — .0307 ~ 0307 
(.0056) (.0056) 


2 Restrictions? 


Model 2 
Zellner’s Method 


2 Restrictions? 3 Restrictions® 


-7.62 - - 
(.65) = - 
—.229 - © o= 
(.091) = ~ 

- -7.51 -7.42 
- (.45) (44) 
= ~ 273 — 340 
= (.12) (.081) 
= — 0703 - 
a (.095) > 

— .0301 — .0301 — 0301 

(0044) (.0031) (.0031) 

.198 .160 .166 
(10) (.074) (.074) 
1.05 1.08 1.06 

(11) (.080) (077) 

— .0301 — .0301 — 301 
(0044) (.0031) (.0031) 
—.3001 — 0301 — .0301 
(.0044) (.0031) (.0031) 





Source: See Table 1. 


Notes: Numbers in parentheses are standard errors. Notation is defined in the Appendix. Estimating equations 


are as follows: 
Model 1: 


Model 2: 
—-wL/r =a 


aThe restrictions are a! = a anda” = a. 
>The restrictions are a! = a,a = a, and f = 0. 


l Taking logarithms, the following equation 
tests relative technical efficiency: 


(16) linr = In A, +dD* +alnw 
+ b,nT + b lin K 
where d = In(A¥/A%) 
= (1/1 — a) ln (4”/4”) 
If d is significantly different from zero, then 
AY and A! are not equal. We can also test 


absolute price efficiency because if k’ = 
k” = 1, then a’ = a” = a, as can be seen 


Inr =InAt4+dD™ +alnw+b InT+ bin K 
-wLl/x =a'D'+a%p” 


Inn =InBl+cS+fD" +ainw+ bjinT + b)inK 


by inspecting the equation defining a’ in 
(12). 

The estimating equations are (13) and 
(16). The first three columns in Table 3 
give the coefficients of these equations. This 
is Model | in that table; a second model is 
presented shortly. Before examining the re- 
sults, a few notes on the specification are in 
order. The average selling price for calves 
was 30¢ per pound for whites and 29.1¢ per 
pound for Indians (see U.S. Department of 
the Interior, p. 51). These prices were used 
to normalize variable profits and factor 
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TABLE 4——TESTS OF HYPOTHESES 








Chi-Square Tests 








Maintained Computed Critical Values 
Hypothesis Hypothesis Value 5 Percent 1 Percent 
Model 1 
al=a¥ =a .04 5.99 9.21 
al=a¥ =a d=0 6.18 3.84 6.64 
Model 2 
al=a¥ =a c=0 8.41 3.84 6.64 
al=a¥ =a f=0 .27 3.84 6.64 





Source: See Table 1. Computed values are — 2 /n A, where X is the ratio of the likeli- 


hood of the restricted system to the likelihood of the unrestricted system. 


prices.* Variable profit is the value of pro- 
duction less hired labor costs. 

Two estimation techniques are used, 
ordinary least squares in the first column of 
Table 3 and Zellner’s minimum distance 
estimator in the remaining columns. Zell- 
ner’s method is appropriate because there is 
a restriction across equations and it is rea- 
sonable to assume errors in each equation 
are independent across ranches. The statis- 
tical test for the significance of a restriction 
on the system is —2(/m A), where A is the 
ratio of the likelihood of the restricted sys- 
tem to the likelihood of the unrestricted sys- 
tem. The test statistic has an asymptotic 
chi-square distribution with degrees of 
freedom equal to the number of restric- 
tions. Table 4 reports these tests. 

The fit of the equations is decent. The 
R? = .80 for the profit equation. The stan- 
dard error on the capital coefficient is very 
small; the fit is less good for the value of 
land. The wage variable is not significant, 
although the sign of the coefficient is nega- 
tive, as it should be, when estimated with 
Zellner’s method. The poor behavior of the 
wage variable may be due to its low varia- 
tion. 

We test first the combined hypothesis of 
equal relative and absolute price efficiency. 
When the system is restricted to have a’ = 


8Selling price was not available for each ranch; the 
figures in the text are averages for those ranches which 
supplied a price. The tests in Table 4 are the same if 
one assumes all ranches had the same selling price. 


a” = a, the value of the likelihood func- 


tion hardly falls. We cannot reject equal 
relative and absolute price efficiency. One 
can see by examining the labor share equa- 
tion in the unrestricted case that there is 
little difference between whites and Indians. 
A t-test for such difference in the equation 
estimated by ordinary least squares also 
shows that the hypothesis a’ = a” cannot 
be rejected. The test of absolute price effi- 
ciency is not very convincing because the | 
standard error of the labor coefficient is so 
large in the profit equation. 

Assuming k’ = k”, a test on the coeff- 
cient of the dummy variable for whites in 
the profit function is a test of relative tech- 
nical efficiency alone. Using the likelihood 
ratio test, the hypothesis that d = 0 is re- 
jected at the 5 percent level but not at the 1 
percent level. A ż-test on the coefficient of 
D* in the profit function estimated with 
ordinary least squares gives the same result. 
In both cases, the coefficient is negative. - 
Whites appear to have lower technical effi- 
ciency.’ 

The result surprises those who believe 
Indians to be equally or less knowledgeable 
than whites. It is particularly surprising 
because we have not controlled for educa- 
tion. In this test, land and capital have been 


The MRBIP study (p. 49) concluded that Indians 
had lower operating costs than whites, based on a 
comparison of average costs in each group. No 
statistical tests were made, however, to see if the cost 
difference was significant. 
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controlled across ranches. Because the aver- 
age size of ranches and the proportion of 
owned land varies. across groups, we must 
test to see if these variables matter. A test 
on size suggests that size is not related to 
efficiency, although economies of scale are 
present.” The proportion of owned land 
is significant, however. A test is con- 
structed as follows. Suppose the technical 
constants Aj, are related to the proportion 
of leased land S, according to this equation: 


(17) L = Byes 
where Bi, is the technical constant in the 
profit function for each group after correc- 
tion for land tenure. 

Assuming k! = k” = 1, the estimating 
equations then become 


(18) Ing = in B} + cS + [DY 


+alnw+b,inT + b,inK 
a 


—wl fr 


where S = value of owned land/value of 
operated land 
f= In(By/B%) 


The estimated coefficients using Zellner’s 
method are shown in the fourth and fifth 
columns of Table 3 as Model 2. Test sta- 
tistics are in Table 4.'' The null hypothesis 
that c = 0 can be rejected at the 1 percent 


10The test for the effect of size is exactly that of Lau 
and Yotopoulos, who concluded that small farms were 
technically more efficient than large farms in India. 
This sample was divided into large and small farms at 
the median, 6780 acres. This median divided the full 
sample and both subsamples in half. Dummy variables 
were redefined as DŁ for large ranches in place of DY 
and DS for small ranches in place of D/. Neither the 
hypothesis aS = a4 = a nord = 0 could be rejected 
at the 5 percent level. Computed test values were 5.23 
and 2.23, respectively. The test for economies of scale 
is that b; + by = 1. This hypothesis is rejected witha 
computed chi-square of 16.42. The 1 percent critical 
value is 6.64. Using the last column of Table 3, 
b, + by = 1.23, with a standard error of .038 and a 
t-ratio of 6.12. The standard error for the sum is low 
because b; and b, have a negative estimated co- 
variance. 

l Equations (18) assume that a/ = a¥ = a. A test of 
this hypothesis, using the second specification for the 
technical parameters, gives —2 In X = .05; the hy- 
pothesis cannot be rejected. 
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level. Efficiency is negatively related to the 
proportion of owned land. The hypothesis 
that f = 0 cannot be rejected. Corrected for 
land tenure, BL, = BY; Indians and whites 
have equal relative technical efficiency. 

Something connected with tenure affects 
efficiency. Perhaps leased land is treated 
more harshly—through overgrazing for 
instance-_than owned land by both Indians 
and whites. Many will agree that a rancher 
has less interest in the future productivity of 
leased land than owned land. It is possible 
that collinearity between race and land 
tenure, however, causes a spurious conclu- 
sion. Good comparative data on the condi- 
tion of the land by group would provide a 
definitive answer; the data are unavailable. 

Controlling for land tenure, capital, and 
land, Indians and whites appear equal in 
price and technical efficiency. This result is 
still surprising to those who believe Indians 
are less knowledgable or have different 
goals than whites. 

Assuming for discussion that other In- 
dian tribes with histories of ranching are 
approximately equal to their neighbors, 
where might other studies have gone wrong? 
Many of them assume small scale means 
lower efficiency. Others cite particular prac- 
tices which appear inefficient. But “low calf 
crops”—a popular example—may well be 
the efficient technical choice in the situa- 
tions the Indians face. Getty’s 1963 study 
of the San Carlos Apache has no data on 
inputs or outputs with which to compare 
the Apaches with other ranchers. His con- 
clusions about causality, therefore, are un- 
supported. Rolf Bauer’s study of the Papago 
has the same problem. 


V. Policy Implications 


Four readily available and perhaps widely 
read books all recommend provision of ad- 
ditional extension services (see Brophy and 
Aberle, pp. 92-95, 113-14; Sorkin, pp. 67, 
182; Levitan and Hetrick, pp. 132, 135, 206; 
Levitan and Johnston, pp. 21, 78). The 
books all stress management deficiencies, 
rarely distinguishing among Indian tribes, 
industries, or types of jobs. That the 
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Northern Cheyenne are equal to neighbor- 
ing whites in ranching technical efficiency 
is inconsistent with this prevailing view and 
challenges a fundamental tenet of pater- 
nalistic policies. That the two groups have 
the same relative price efficiency, with re- 
spect to hired labor, is inconsistent with the 
view that all Indians are not profit maximiz- 
ers. Exhortation that Northern Cheyenne 
learn to respond to relative prices is not 
necessary. If other Indians are similar to 
the Northern Cheyenne, neither policy de- 
serves the emphasis given it to date. 

Other policy implications are more diffi- 
cult to specify. That a credit problem has 
held back Northern Cheyenne ranchers re- 
ceives only ambiguous support. Rather, 
lower capital-land ratios and higher techni- 
cal efficiency on Northern Cheyenne ranches 
appear related to the high proportion of 
leased land. These observations may result 
from insecurity of tenure: unsure that the 
tribal council or owners of allotments will 
allow the BIA to renew his leases, an In- 
dian rancher is less willing to invest and 
more willing to overgraze, compared to 
what he would do if he owned the land. 

Even if one dccepts these inferences, cau- 
tion is advised regarding policy implica- 
tions, either for the Northern Cheyenne or 
for Indians generally. Other variables may 
intervene. For instance, the Northern Chey- 
enne Reservation lies on large coal reserves; 
white ranches in Montana and Wyoming 
are much less likely to be located over coal. 
Even in 1967 it may have been proper for 
Northern Cheyenne to underinvest and 
overgraze, knowing coal was present and 
likely to be strip mined eventually. 

It would be irresponsible to recommend 
private ownership of Indian ranches based 
on this limited data because the federal 
government has created a connection be- 
tween individual land ownership and era- 
dication of tribal existence. Allotments were 
created with this in mind; in order to obtain 
full control of his land, an Indian had to 
transfer it from tribal and federal juris- 
diction to state jurisdiction. He became able 
to mortgage it, it became subject to state 
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taxes, and the tribe lost jurisdiction. A 
goal of the allotment policy was to elimi- 
nate tribes and tribal government (see 
Edward H. Spicer, pp. 111-13). But Indians 
have group goals which their governments 
serve and have treaty rights which individ- 
ual Indians hold because they are members 
of a tribe. Indians have found it difficult 
to obtain equal treatment under state law 
when local citizens wish to obtain Indian 
land. Angie Debo documented the experi- 
ence of Oklahoma Indians in the early 
twentieth century. For all these reasons, 
Indians resist attacks on tribal government 
and reasonably perceive a recommendation 
that tribal land be divided up as just such 
an attack. 

Other tribal members beside ranchers 
have an interest in tribal lands which has to 
be recognized. If the land is being abused 
and if ranchers could be aided with addi- 
tional capital, perhaps a shift in land-use 
regulations and an expanded credit pro- 
gram would accomplish both ends. A pro- 
gram to aid the sale of heirship allotments 
to tribal members as well as the tribe would 
serve a similar purpose. It seems clear the ` 
capital problem and leasing are related; 
therefore more detailed recommendations 
require more knowledge of specific causal 
mechanisms. 


VI. Summary 


The results of this paper suggest land 


tenure or other institutional problems un- 


derlie Indian difficulties attaining the op- 
erating scale of whites in ranching. No 
evidence of management deficiences among 
Northern Cheyenne were observed. A di- 
rect application of the Lau-Yotopoulos 
tests reveals greater Indian technical effi- 
ciency. This difference, however, is signifi- 
cantly related to the proportion of owned 
land. An apparent capital access problem is 
also related to the proportion of owned 
land. Further research should investigate 
the nature of these relationships rather than 
focus upon Indian abilities and goals. 
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APPENDIX 


Value of land operated 

Value of equipment, buildings, im- 
provements, horses, and cattle at first 
of the year 

Total (family and hired) labor in 
weeks per year 


= Hired labor in days per year 


1 


Production, equal to sales plus 
change in cattle inventory plus family 
consumption 

K/T 

Value of land owned/Value of land 
operated 

Superscript indicating Indian 
Superscript indicating white 
Superscript index over / and W 
Technical constant in Cobb-Douglas 
production function 

Technical constant in Cobb-Douglas 
normalized variable profit function 
Elasticity of output with respect to 
labor ' 

Elasticity of output with respect to 
land 

Elasticity of output with respect to 
capital 

The price of output, the fall calf price 
in cents per pound 

Variable profit, the value of produc- 
tion less the cost of hired labor 

m'/P, normalized variable profit 

Cost of hired labor per day 

w'/P, normalized wage rate 

Elasticity of variable profit with 
respect to the wage rate 

Elasticity of variable profit with re- 
spect to land 

Elasticity of variable profit with re- 
spect to capital 

Proportionality factor to test price 
efficiency with respect to hired labor 
Dummy variable taking 1 for the ap- 
propriate superscript value 
Coefficient of D” to estimate 
In(Ax/ Ax 

Technical constant in variable profit 
function corrected for land tenure 
Coefficient of $ 
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f = Coefficient of D” to estimate 
In (BY/ Bl) e 
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Optimal Pricing of Local Telephone Service 


By BRIDGER M. MITCHELL* 


Although payment for nearly all other 
goods and services, including toll (long dis- 
tance) telephone calls, increases with greater 
consumption, nearly 90 percent of the resi- 
dential telephone subscribers and more than 
half the business subscribers in the United 
States now pay a flat monthly rate for local 
calls (see Larry Garfinkel). 

Recently, however, the telephone com- 
panies and regulatory commissions have 
been moving cautiously toward imposing 
usage charges for local telephone calls. 
There is renewed interest in what is cur- 
rently termed “‘usage-sensitive pricing” 
(USP). It is due to the combined forces of 
inflation, increased local usage, and compe- 
tition from independent firms that sell tele- 
phone terminal equipment and supply 
private toll lines to business customers. Un- 
der USP, the pricing of such services as 
telephone installation, directory assistance, 
and minutes of calling is based on incre- 
mental rather than average costs. 

Since World War II, technological ad- 
vances have benefited long distance far 
more than local telephone calling. Develop- 
ment in microwave communications, coaxial 
cable, satellites, and waveguides have dra- 
matically lowered the costs of long distance 
transmission. In contrast, the costs of local 
service have moved upward since the late 


*Department of economics, The Rand Corporation, 
and the International Institute of Management, Berlin. 
This study was supported under a grant from the John 
and Mary R. Markle Foundation. I am indebted to 
Walter S. Baer for numerous contributions to this 
paper, to S. C. Littlechild and Patricia Munch, and to 
the managing editor and a referee of this Review for 
critical and constructive review of a draft. I have 
benefited as well from the comments and suggestions 
of James H. Alleman, Stanley M. Besen, William S. 
Comanor, John M. Drew, Leland L. Johnson, John 
A. Kay, Edward D. Lowry, Carl Pavarini, John 
Rolph, Ralph Turvey, and Chris Witze. Bryant Mori 
assisted with the computer programming. See my 1976 
paper for a more extensive version of this paper, which 
also discusses optimal flat rate and optimal peak load 
tariffs. 
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1960’s at a rate not far below the general 
price index (see AT&T, 1975). Faced with a 
continuing stream of requests for local tele- 
phone rate increases, state regulatory com- 
missions are finding the concept of tying 
prices to usage increasingly attractive. 

AT&T and some of the independent tele- 
phone carriers are beginning to test USP 
plans in several cities. With flat rate tariffs, 
increases in local calling add to carrier costs 
but not to their revenues. The local calling 
rate per subscriber has increased by an aver- 
age of 2 percent for the past seven years. 
AT&T’s chairman has stated, “We are 
moving more and more in the direction of 
usage-sensitive pricing? (see Washington 
Star News, p. A-12), and according to news- 
paper accounts of AT&T management 
documents, the Bell System plans to phase 
out flat rate telephone service and begin 
charging for each local call in major metro- 
politan areas in 1978-80 (see Seattle Post- 
Intelligencer, pp. 1, 10). 

Still, regulatory commissions, consumer 
groups, and the carriers themselves remain 
cautious about requiring usage-sensitive 
tariffs for all subscribers. The prospective 
gains from prices more closely related to 
costs are at least partially offset by the 
added costs of metering equipment and 
billing. Most telephone subscribers prefer 
fiat rates, according to Bell System market- 
ing surveys (see Garfinkel, p. 28). And it is 
by no means clear which groups of sub- 
scribers will be helped and which harmed by 
such revisions in local tariff structures. Will 
the poor end up paying more because they 
use their phones more? Should different 
prices be charged for calls at different times 
of day? On what bases should the monthly 
and per call rates be determined? 

The purpose of this paper is to sort out 
some of the questions of economic efficiency 
and equity that arise when changes are con- 
sidered in the methods of pricing local tele- 
phone services. In Section I, I construct a 
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model of the demand for local telephone 
service, distinguishing between the demand 
for telephone connections and the demand 
for telephone calls and incorporating the 
principal economic characteristics of the 
market for telephone service. Section II 
provides a quantitative assessment of the 
benefits and costs of adopting USP for local 
exchange calling. Data are reviewed on the 
demand for and cost of local service, and 
that information is used to calibrate the 
model of telephone demand to U.S. condi- 
tions, I then compare flat rate and measured 
service tariffs in terms of the number of sub- 
scribers and the volume of local calls at dif- 
ferent levels of consumer income. Finally, 
the optimal prices are computed for mea- 
sured service tariffs, and the economic gains 
such methods of pricing are likely to achieve 
are assessed. The Appendix summarizes 
technical details of the calibration of the 
model and the calculation of optimal tariffs. 


I. The Demand for Telephone Service 


The market for local telephone service in 
the United States is characterized by in- 
complete penetration at existing levels of 
flat rates and wide variation in the number 
of calls per month made by subscribers. A 
welfare analysis of two-part tariffs requires 
knowledge of demand at different prices, 
but no data are available as yet on calling 
rates under usage-sensitive pricing. 

To develop a model of the demand for 
residential telephone service that incor- 
porates these central empirical facts, let us 
first consider the behavior of a single cus- 
tomer and then the aggregate demand of a 
population of customers who have similar 
incomes but differing preferences for tele- 
phone service. We subsequently examine 
the influence of income on demand. A cen- 
tral feature of this model is explication of 
the link between the demand for telephone 
calls and for telephone connections. For 
convenience, “‘calls’’ are used as a measure 
throughout the report, although one could 
quantify telephone use equally well by using 
minutes of calling or the “erlang” unit from 
telephone traffic engineering. Also used in- 
terchangeably are the terms “metered” and 
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“measured” service. In practice, metered 
service applies to the number of calls, . 
measured service to the number of call 
minutes, 

To highlight the principal effects of al- 
ternative telephone tariffs, I make a number 
of simplifying assumptions. My model ne- 
glects the influence of toll calls on the de- 
mand for service.! Also ignored are the 
dynamic effects of the number of sub- 
scribers in the telephone network on the 
value of service to any one subscriber.” Al- 
though such externalities may be important 
in other countries, they should have only a 
limited marginal effect on demand in a 
system with a high saturation of sub- 
scribers,’ 


A. A Single Consumer 


I initially assume that a single con- 
sumer has constant marginal utility of 
income and a separable utility function 
for telephone calls g and other goods x: 


a) U(x,q) = x + VQ) 


These conditions imply that there is no in- 
come effect on the number of calls de- 
manded, an assumption frequently made in 
applied welfare economics when the effects 
of price changes are analyzed.* Since the 
magnitude of the price changes that are of 
policy interest will be small relative to a 
consumer’s income, the quantities derived 
from this utility function will closely ap- 
proximate those that will be obtained from 
a more general formulation. However, the 
number of subscribers cannot be assumed 


Toll calls account for about 48 percent of telephone 
revenue, according to AT&T (1975). 

2See Lyn Squire or Littlechild (1975). The dynamic 
role of such consumption externalities in the develop- 
ment of telephone service is explored in Roland Artle 
and Christian Averous and in Burckhard Von Rabe- 
nau and Konrad Stahl. 

3Present flat rate telephone tariffs are in fact partly 
based on the number of telephones within a sub- 
scriber’s local service area. For U.S. data relating 
monthly flat rate and number of telephones, see Paul 
Behrman and Anthony Oettinger, p. 30a. 

4This “income effect” is negligible for goods such as 
telephone service, which are a small fraction of a 
consumer’s budget and do not have unusually large 
income elasticities of demand. 
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FIGURE 1. A SINGLE CONSUMER’S DEMAND 
CURVE FOR CALLS 


to be independent of the level of income. 
I will explicitly introduce such a relation- 
ship later. 


The consumer maximizes utility in equa- ` 


tion (1) subject to the budget constraint 
(2) y =x + dL + pa) 


where y is income measured in units of x, L 
is the fixed monthly charge for telephone 
service, and p is the per call rate (the vari- 
able charge). The parameter ô = 1 if the 
consumer subscribes to telephone service; if 
he does not, 6 = 0. 

We can recast the optimization problem 
as one of maximizing the difference between 
the utility of telephone service and its cost, 
that difference being the net economic gain 
from having a telephone: 


(3) rts (V(q) — 6(L + pq)] 
The solution may be stated as: 
Demand function for calls: 


o opi: 


1 
orm 


5For my purposes, the one-time “hookup” charge 
for telephone installation may be annualized and in- 
cluded in the monthly charge L. However, it may be 
empirically important to distinguish the hookup 
charge as a separate parameter of the tariff if there 
are significant differences across consumers in sub- 
jective discount rates and in tenure in one residence. 
See Sharon Black and Peter Tryon. 


Demand function for connections: 


(5) ô = LifR(p) 2 L 
OifR(p) < L 


where the consumer’s reservation price, or 
surplus, is given by 


(6) R(p) = max [V(q) — pq] 


A single consumer’s demand for calls 
may be approximated by the linear demand 
curve in Figure la. At a zero price per call, 
the consumer makes q, outgoing calls and 
enjoys a consumer’s surplus equal to the 
shaded triangular area S under the demand 
curve. The surplus S measures his willing- 
ness to pay to have outgoing telephone ser- 
vice. (The added value of being able to re- 
ceive calls will be considered shortly.) 

Under a flat rate tariff, the customer 
must pay L per month for a telephone; he 
pays no further charges for calls made. The 
customer will rent a telephone for outgoing 
calls provided that L < S. Once he does so, 
the level of the flat rate charge has no effect 
on the number of calls he makes. 

Under a metered tariff, the consumer 
must pay p, per call. This charge reduces his 
calling to q, (Figure 1b) and raises revenue 
Rev = p,q,. The per call charge also re- 
duces his surplus, or willingness to pay to 
have a telephone, to the area $}. , 

Under a two-part tariff [L,,p,], the con- 
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sumer must make a monthly payment L, 
and pay pı per call. He will therefore sub- 
scribe only if L, < S;. In general, when in- 
stituting a per call charge, the telephone 
company will have to reduce its monthly 
rental charge if it is to retain all of its 
original customers. 

Of course, consumers also want to re- 
ceive calls. Even if they made no outgoing 
calls at all (q, = 0), they would generally be 
willing to pay at least a small monthly ren- 
tal for a telephone. We must therefore add 
this fixed amount to the surplus S or S, to 
determine whether a given consumer will be 
a subscriber. The amount of surplus also 
depends on the consumer’s income and on 
the availability and cost of substitutes for a 
residential telephone. In a later section, I 
discuss the role of income, but throughout 
the analysis, it is assumed that the cost and 
opportunities for using public (coin) and 
neighbors’ telephones are not affected by 
changes in tariffs. 

Assume that individual consumers face 
the same tariff [L,p] but differ in their 
preferences, the ith consumer’s utility from 
telephone calls being V;(g). For a given 
population of consumers, there will be a 
statistical distribution of such preferences. 
Consequently, the market demand curves 
can be determined by using that distribu- 
tion to construct a distribution of reserva- 
tion prices R;(p). From that distribution, 
one can determine, using equation (5), 
which consumers will demand connections 
and become subscribers. The market de- 
mand for calls is then obtained by summing 
the individual demand functions (equation 
(4)) over the set of subscribers. 

To proceed, I specialize the general theory 
of consumer demand in the form of a par- 
ticular model by postulating that utility is a 
quadratic function of the number of calls 
and a positive function of income, 


l 3 
(7) Uœ) = AQ) b + aq - T 


v > 0,æœ > 0,8 > 0,A’(y) > 0 


which, for a given income level, results in a 
linear demand function 


(8) q = D(p) = (a ~ p/ŅNB 
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FIGURE 2. [INDIVIDUAL DEMAND FUNCTIONS FOR 
CALLS OF TWO CONSUMERS WITH DIFFERENT TASTE 
PARAMETERS, BUT THE SAME INCOME y 


and a reservation price function 


(9) R(p) =À b +5 (@- pixa] 
= A[v + q?/28] 


Although in many applications a quad- 
ratic utility function is unnecessarily re- 
strictive, in this instance its satiation 
property is a virtue, since the demand for 
calls must be finite at a zero price. An al- 
ternative formulation, developed by Gra- 
ham Pyatt, would be to include the value of 
time spent in telephone conversations in a 
generalized budget constraint. 

When we normalize à = l at an average 
level of income, the parameter v represents 
the value of having telephone service when 
no outgoing calls are made, and thus the 
consumer’s willingness to pay merely to re- 
ceive calls or to have emergency communi- 
cations available. Under a flat rate tariff L = 
L,,p = 0, the reservation price (which is the 
point of maximum possible utility) is R, = 
A(v + a?8/2), and as shown in Figure 2 if 
R, 2 L,, the consumer subscribes and 
makes q, = af number of calls. Also note 
that, although we have represented À as a 
function of income, in general, this param- 
eter may depend on any number of exog- 
enous factors that increase a consumer’s 
willingness to subscribe to telephone ser- 
vice. 


B. The Effect of Income 


Higher levels of income lead to increased 
consumption of most goods and services, 


éin this sense » measures the consumer’s option 
demand for telephone service. 
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TABLE 1—PERCENTAGES OF HOUSEHOLDS WITH A TELEPHONE AVAILABLE, 
BY HOUSEHOLD INCOME AND PRICE OF Basic SERVICE, 1970 








Price of Basic Monthly Service 





Less than $5.00 $6.50 
Household Income $5.00 to $6.49 and Above 
Under $3,000 80.4 76.3 71.9 
3,000-5,999 85.6 79.3 74.8 
6,000-8,999 90.1 88.2 84.6 
9,000-11,999 94.1 93.1 90.4 
12,000 and above 97.9 96.8 96.9 
All households 90.6 86.7 86.2 








Source: See Perl, Table 12. NERA has adjusted the price of monthly service to esti- 
mate the minimum monthly rental available to each subscriber; see Perl, pp. 20-22. 


including telephone connections. A recent 
study by Lewis Perl matches data from the 
1970 Census on telephone availability and 
household characteristics with price in- 
formation from 100 revenue accounting 
office areas in the Bell System.’ The per- 
centage of households with a telephone 
available is cross tabulated with respect to 
the monthly charge for basic service, family 
income, age, sex, race, education, family 
size, and location. Perl’s basic finding is 
that, irrespective of race, urbanism, or 
family type, telephone availability increases 
with both income and age, and decreases 
. with higher monthly rental charges. Rural 


7$ee Perl, filed by AT&T as Exhibit 21 with the 
Federal Communications Commission, 1974. 


families, black families, and single males 
are less likely to have telephones than are 
urban families, families of other races, and 
married males. The effects of both income 
and price on the demand for telephone con- 
nections are apparent in Table 1. In my 
model, these empirical facts are incor- 
porated in the assumption that A’(y) > 0 
and £ > 0. 

The effect of higher income on calling 
rates is not immediately apparent, since 
under a flat rate tariff, a subscriber can 
make any number of calls without changing 
his monthly bill, and thus the income he has 
available to spend on other goods. The 
limited available data on calling rates sug- 
gest that the number of calls per user 
decreases with higher income levels up to 


TABLE 2—RESIDENTIAL TELEPHONE USE BY INCOME LEVEL 














Minutes per Day 
Calls per Day Originating Terminating? 
Household Income per User {Local Only) (Local Plus Toll) 
Under-$3,000 3.48 6.18 8.24 
3,000-5,000 2.76 4.72 5.75 
5,000-8,000 1.45 4.91 6.30 
8,000-10,000 1.60 5.06 5.4] 
10,000-15,000 1.42 5.28 : 5.64 
15,000-20,000 1.52 4.84 4.72 
20,000-30,000 0.97 4.30 4.85 
Over $30,000 1.22 3.92 4.45 





Source: AT&T, Subscriber Line Usage Study, May 1972-July 1973. Based on a 
sample of ten California exchanges using No. 1 ESS switching equipment. 


aIncoming calls received. 
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about $15,000 per year (see Table 2). This 
initially surprising finding is consistent, 
however, with my assumption that a con- 
sumer’s willingness to pay for telephone 
service increases with the number of calls 
he makes and with the data showing that 
fewer low-income than high-income house- 
holds have a telephone. We may surmise 
that, for a given number of calls, the maxi- 
mum monthly rate a low-income person is 
willing to pay for service is less than the rate 
a better-off person will pay. If so, low- 
income persons who do subscribe will be 
exactly those who make a disproportionate 
number of calls. 


C. Market Demand 


If all consumers had the same demands 
for telephone service, we could study any 
one of them to determine the aggregate ef- 
fects of a tariff change. Consumer prefer- 
ences are anything but equal, however. In 
traffic studies, telephone engineers find that 
the empirical frequency distribution of q,, 
the number of residential calls per month 
under a flat rate tariff, follows a skewed, 
approximately lognormal distribution. 

To obtain aggregate results, let us as- 
sume that the population consists of in- 
dividuals who all have the same values of v 
and a, but differing values of the taste 
parameter 6; and differing incomes y. Equal 
values of a imply that all such consumers 
derive equal utility from the first call, and 
that the number of calls a subscriber makes 
is proportional to 8. As a result, all sub- 
scribers at a given level of income have the 


same price elasticity of calls, n%': 


; ` f 
1O -A_n 
(10) n, -T TEF 


If we consider two consumers who have 
the same tastes 8, but different incomes 
Yı < Ya, we obtain demand curves like those 
in Figure 3. At any positive per call price, 
the demand of the lower-income consumer 
is more elastic and he makes fewer calls. At 
a zero price, however, both, individuals are 
satiated at the same quantity. 
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FIGURE 3. DEMAND FOR CALLS AS A FUNCTION OF 
INCOME; TWo CONSUMERS WITH IDENTICAL TASTES 


Let f,(8) be the proportion of subscribers 
of type 8. If we consider the consumer taste 
parameter 6 to be continuous, f,(G) is a 
statistical density function with parameters 
6. Later, I will specify the form and param- 
eters of this function to reflect the skewed 
distribution of calls that is empirically ob- 
served. For lack of any data to the con- 
trary, I will further assume that this dis- 
tribution is independent of the level of 
income. 

Let us now derive the market demand . 
curves implied by this model. First, let 8n 
be the value of 8 for the marginal con- 
sumer, whose surplus is just exhausted by 
the monthly charge R(p,8,,) = L, and who 
is therefore indifferent between telephone 
service and other goods. For this consumer, 


AL — dv) 
l1 L, p) = —=— 
OD BLP) = o 
and the number of calls made is 
(12) Im = (a z P/N) Em 


In general, as income varies, the identity 
of the consumer at the margin, and there- 
fore his tastes, will vary. A low-income 
consumer will be indifferent between sub- 
scribing and going without service only if 
he would make relatively extensive use of 
the telephone, whereas a high-income con- 
sumer will be willing to subscribe at a lower 
volume of calling. Since we have assumed 
that the underlying tastes for telephone ser- 
vice follow the same distribution regardless 
of income, it follows that (at positive 
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monthly rental rates L) a greater propor- 
‘tion of high-income than low-income per- 
sons will subscribe. It is also the case that 
the average number of calls made by the 
low-income consumers who do in fact sub- 
scribe will, for many tariffs, be greater than 
the average for high-income subscribers. 

At each income level, a certain percent- 
age of the consumers at that level will sub- 
scribe. The market demand for connections 
is the aggregation of these subscribers over 
all income levels, or 


(13) ML, p) = MS, Je aphid - 8) dy 


= Mf (1 ~ F(6,(L,p); 9) g0) dy 


where M is the total population, g( y) is the 
probability density of consumers at each in- 
come level, and F(-) is the cumulative dis- 
tribution function of 8. For a given level of 
income, the demand-for-connection func- 
tion N(L, p) is of the form shown in Fig- 
ure 4, 

By differentiating equation (13) we can 
express the slopes of the connection-demand 
function at a given income level in terms of 


Monthly rental charge ($) 





0 40 60 80 
Percent of households {N} 
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FIGURE 4. MARKET DEMAND CURVE 
FOR CONNECTIONS 
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the parameters of the marginal consumer.® 
The slope with respect to the monthly 
charge is 


— Le(Bin Bn 
L — dp 


(a) ee 


OB E 
aL So(Bm) JL 7 


and with respect to the per call charge is 


aN = —26,( Bin) Im xy oN 
(15) 3P Ma — p/r)? 


These slopes may be more conveniently re- 
lated to each other in terms of the elastic- 
ities of demand: 


(16) nh = 


where n is the elasticity of demand for con- 
nection with respect to the per call price p, 
E,, = PGm is the variable expenditure on 
telephone calls by a marginal subscriber, 
and n7 is the elasticity of demand for con- 
nection with respect to the fixed charge L. 
In a similar fashion, we may obtain the 
market demand for calls Q by aggregating 
the individual demands (equation (4)) of 
those consumers for whom R(L,p) > L. 
The market demand function is therefore 


(17) QL.) = 
1 [ sg 4(PrB) 1B) 8+ 80) dy 


where q( p,8) = [a — p/A(y)]6 from equa- 
tion (8). By differentiating equation (17) 
with respect to p, we obtain the slope of the 
aggregate demand curve at a given income 
level, 


8For these derivations we make repeated use of the 
derivatives 


Bm 2? Bm 
ôL = Ma—p/r)> L- 
and 
dBm  4(L—») 28m 26m 
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a ıp. 
r Sh, 8 fa(8) dB 


SBm 
= (æ = PIMBnSBn) a 


and hence the elasticity of the aggregate 
curve at the specified level of income is 


o PQ _ -p/AS Bf (8) dB _ 
(19) ng = 
QP (œa pif oe 
a 2 (a — P/N Bu So(8n ) won 
Sy PTR se POON e 
= a — p/n F Q ap (a P/N)Bm 


np + Nan /O 


where n% is the price elasticity of calls for 
any current subscriber and 0 = Q /N is the 
mean number of calls per subscriber. Thus, 
the elasticity of current subscribers is aug- 
mented by the effect of attracting new sub- 
scribers (in the case of a price decrease); 
the additional elasticity of the aggregate de- 
mand curve is proportional to the price 
elasticity of demand for connections, with 
the factor of proportionality expressing the 
calling rate of marginal subscribers relative 
to the average of all subscribers. 

Finally, the derivative of the number of 
calls with respect to a change in the fixed 
monthly rate L is 


(20) $2 = ~(a ~ p/2)8, Bq) Be 


aL 
_ =BnfoBn) 
Aa — p/d) 
and the elasticity is 
=- ŁR 
(21) 7 0 aL 


ee mfaBm) z) XL- dv) 1 
L— w N] Na- p/N) Q/N 


y — rv) a a — pPA 
- p/r)> Q 





A reduction, say, in the monthly charge will 
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increase the number of subscribers and thus 
increase the market demand for calls by the 
amount of their calls g, per new sub- 
scriber. The percentage effect is the product 
of their number of calls relative.to the aver- 
age of current subscribers and the elasticity 
of demand for service. 

To avoid encumbering the derivation 
with additional notation, we have obtained 
the aggregate relationships for a single level 
of income. The market demand curves and 
elasticities will consist of weighted aver- 
ages of the slopes or elasticities at each in- 
come level in which the weights are simply 
the proportion of the total population at 
each income level. 


D. Restatement of the Demand Curves 


The relationships among the different 
elasticities of demand in the model, shown 
in equations (16), (19), and (21), are sum- 
marized as follows: 


ny = Pde nt 

mem i + Bm 
Q Am N L N 
n, = = NL FT 
t Q pQ’ 


Figure 4 shows the market demand curve 
for telephone connections as the flat rate 


` tariff is varied. With no charge (L = 0), 


100 percent of the households have tele- 
phones. At higher rates (above the monthly 
value of a telephone solely for incoming 
calls), market saturation N falls off. By 
using the frequency distribution of calls per 
month and the slopes of individual demand 
curves, we have calculated the proportion 
of consumers whose surplus at each price 
exceeds the monthly rental, and thus ob- 
tained the actual shape of the curve M(L, 0).? 

If a per call charge p, is added to the tar- 
iff, demand for connections is reduced to the 
left-hand curve N(L, p,) shown in Figure 4. 


Wherever possible, I denote a specific value of a 
price by use of a subscript (such as L,), and the para- 
metric value by the unsubscripted variable (L). 


~~ 


ai 
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At any given level of the monthly charge, 
some former customers no longer find it 
worthwhile to subscribe. However, if the 
monthly fee were reduced to zero, everyone 
would have a telephone, even though there 
would be a charge for each call. 

Let us now consider the market demand 
for calls Q. As just described, the level of 
the customer charge L determines the de- 
mand for telephone connections, and thus 
the number of customers. In doing so, it 
also affects the total number of calls made. 
Although a reduction in the flat rate tariff 
from L, to L, has no effect on any individ- 
ual subscriber’s rate of calling, Figure 5 re- 
veals that it will induce a new group of con- 
sumers to subscribe and thereby increase 
the total number of calls made, from Q, to 
Q,. Since, by assumption, the new sub- 
scribers value telephone service less highly 
and make fewer calls, the market demand 
for calls as a function of the monthly charge 
is less elastic than is the demand for con- 
nections. 

The market demand curve for calls 
Q(L, p), is of course also a function of the 
per call price p. Under a two-part tariff, the 
change in the total number of calls result- 
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FIGURE 5. MARKET DEMAND CURVE FOR CALLS 
AS A FUNCTION OF THE MONTHLY CHARGE 
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ing from, say, a reduction in the per call 
rate will be the sum of two effects: (a) the 
aggregate increase in calling by present sub- 
scribers plus (b) the calls made by the new 
customers induced to subscribe as a result 
of the lower tariff. As a result, the market 
demand curve for calls is somewhat more 
elastic than is the demand curve of an exist- 
ing subscriber. 

To appreciate the interrelationships of 
the demand curve for connections and the 
demand curve for calls, consider the effect 
of changing from a flat rate tariff [L,,0] to a 
two-part tariff [Z,, p] with a lower monthly 
rental charge L, < L,. By itself, the reduc- 
tion in L will increase both the number of 
subscribers and, by the amount of the new 
subscribers’ calls, total calling as well. But 
the introduction of a per call charge lowers 
the attractiveness of service to new sub- 
scribers and reduces calling by all existing 
subscribers. The net effect is to move from 
the equilibrium N,, Q, to Ni, Q; in Figures 
4, 5, and 6,!° 


II. Benefits and Costs of Two-Part 
Telephone Tariffs 


In this section I make an initial calcula- 
tion of the gains and the additional costs of 
pricing local telephone service on a per call 
basis. To carry out a quantitative analysis, 
we require data sufficient to specify the 
parameters of both demand and supply 
functions for local calls as well as informa- 
tion on the additional costs of implement- 
ing a usage-sensitive tariff. 


A. Demand 


The literature contains few empirical 
studies of U.S. telephone demand in local 
markets. Because residential telephone ser- 
vice has almost always been marketed at 
flat rates, estimates of demand elasticities 
for calls are largely based on fragmentary 


10The interdependence of the demand for calls and 
the demand for connections suggests that G. Franklin 
Mathewson and G. David Quirin’s analysis of in- 
dependent demand functions for connection and for 
calls is of limited applicability. 
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FiGuRE 6. MARKET DEMAND CURVE FOR CALLS 
AS A FUNCTION OF THE FER CALL CHARGE 


data from changes in public (coin) tele- 
phone tariffs. Robert Auray reports that 
price elasticity coefficients range from 
about —0.1 to —0.7 for Bell System data. 
In the United Kingdom, W. M. Turner’s 
recent study reports local call price elastic- 
ities of less than 0.1 (in absolute value) for 
both residential and business subscribers. 
For long distance calls, the price elasticity 
of demand appears to be somewhat higher 
in both U.K. and U.S. studies. Using data 
from Illinois Bell, Littlechild and J. J. 
Rousseau calculate substantial own- and 
cross-price elasticities by time of day for 
state and interstate toll calls. 
Cross-sectional and time-series variation 
in U.S. flat rates does permit the demand 
for telephone connections to be estimated 
directly. Table 1 above summarizes the 
cross-sectional evidence of the effects of 
price and income variations on telephone 
availability. These data imply that at the 
average level of flat rates, the price elasticity 
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of demand for connections is about —0.1. 
By comparison, a time-series study of the 


‘demand for connections in the United 


Kingdom, where two-part tariffs are in ef- 
fect, yields estimated price elasticities of 
—0.4 for residential service and —0.2 for 
business. The elasticities for the one-time 
hookup charge are estimated to be —0.2 for 
residence and —0.05 for business sub- 
scribers. 


B. Costs 


The marginal costs of supplying local 
telephone calls have been investigated in a 
quadratic programming model of the Ili- 
nois Bell Telephone Company (see Little- 
child, 1970a; Littlechild and Rousseau). 
Because the provision of capacity to meet 
peak demand is a major part of total costs, 
marginal costs vary sharply by time of day. 
Littlechild and Rousseau found that in the 
short run, when capacity is fixed, marginal 
opportunity costs average 3¢ per call (5¢ 
day, l¢ at night); in the long run, marginal 
costs average 2¢ per call (3¢ day, l¢ at 
night). 

The costs of connecting new subscribers 
to the telephone system (excluding their 
added costs of calling) derive principally - 
from the additional main stations, sub- 
scriber lines, and dedicated central office 
equipment that is required. In Illinois Bell, 
these costs amounted to 36 percent of the 
total fixed and variable costs incurred in 
1967, and overhead expenses accounted for 
an additional 10 percent. The costs of pro- 
viding calling capacity and handling traffic 
amounted to 54 percent of the total. 

Usage-sensitive pricing (USP) of local 
calls would require some additional fixed 
costs per subscriber as well as an increment 
to operating costs. The incremental capital 
cost required to measure local calling can 
range from as little as $5 to more than $50 
per line, depending on the size of the local 
exchange, the type of switching equipment, 
and the extent of record keeping required. 
With mechanical switching equipment (i.e., 
step-by-step, panel, and cross-bar switches) 
additional hardware exhibits strong econ- 
omies of scale, since there are substantial 
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fixed costs of equipment (for example, a 
minicomputer) and installation. In addi- 
tion, the cost depends on whether calls are 
to be timed as well as counted, and whether 
records of the called and calling numbers 
must be retained for billing purposes. One 
manufacturer of metering equipment re- 
ports that the annualized hardware cost per 
line, when all lines are metered, decreases 
from more than $30 in a 1,000-line central 
office to just over $10 in a 10,000-line office. 
In small exchanges with only a few hundred 
subscribers, higher engineering and installa- 
tion costs may bring the cost per line above 
$50. At the other end of the scale, New 
York Telephone estimates that the installa- 
tion of metering equipment in its large 
No. 1 cross-bar exchanges in New York 
City has cost approximately $15 per line. 
With an electronic central office, the cost 
of metering local calls is much lower, since 
electronic switching equipment is initially 
designed to handle this function. Once the 
computer programs have been written and 
debugged, the cost of metered service is re- 
latively low. According to New York Tele- 
phone, the fixed conversion cost for an elec- 
tronic central office ranges from $10,000 to 
$50,000—principally for software testing 
and debugging, initial purchase of compu- 
ter tapes and setup charges. Since electronic 
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switches today are installed only in large 
exchanges with several thousand lines, the 
cost per line for conversion to metered ser- 
vice should run no more than $2 to $5. 

The additional operating costs for record 
keeping and billing will depend on whether 
full records of calling and called parties are 
kept. Estimates of these added operating 
costs vary widely, ranging between about 
$.001 and $.003 per call, or 10¢ to 40¢ per 
month for the average number of local 
calls. The added operating costs to time 
calls or to introduce peak and off-peak 
pricing would be quite small. 


C. Quantitative Analysis of 
Two-Part Tariffs 


I have calibrated the model as described 
in the Appendix to be consistent with the 
fragmentary empirical evidence on residen- 
tial demand and cost conditions reviewed 
above. At a monthly flat rate of $5.61, the 
average rate in 1970, we assume that 87.3 
percent of U.S. households subscribe to 
telephone service and make an average of 
120 calls per month. On an overall per 
household basis, this corresponds to a 
mean of 105 calls per month. Table 3 lists 
the market demand functions generated by 


TABLE 3—DEMAND FOR CONNECTIONS AND CALLS: 
AVERAGE INCOME HOUSEHOLDS 

















Monthly A. Demand for Connections—Percentage of Households 
Charge Subscribing at Per Call Charge ( p} of: 
(L) O¢ 2¢ 4¢ 6¢ 
$2.00 100.0% 99.9% 99.5% 98.2% 
3.00 99.3. 98.0 94.7 87.6 
4.00 96.6 92.6 84.7 70.7 
5.00 91.5 83.9 71.5 53.5 
6.00 84.3 73.5 58.1 39.1 
B. Demand for Calls-Number of Monthly Calls per 
Household at Per Call Charge (p) of: 
O¢ 2¢ 4¢ 6¢ 
$2.00 110.1 99.2 88.3 77.1 
3.00 110.0 98.8 87.1 74.0 
4.00 109.2 97.0 83.2 66.9 
5.00 107.1 93.1 76.7 57.2 
6.00 103.5 87.4 68.4 47.1 


Note: Parameter values: » = 0.5, u = 6.15, 0 = 0.55, a = 0.202, à = 1.0. 
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TABLE 4—ELASTICITIES OF DEMAND FOR CONNECTIONS 
(Absolute Values) 


Monthly 
Charge 
(L) O¢ 
A. ne: When Monthly Charge Varies 
$2.00 0.00 
3.00 0.05 
4.00 0.16 
5.00 0.34 
6.00 0.57 
B. my : When Per Call Charge Varies 
$2.00 0 
3.00 0 
4.00 0 
5.00 0 
6.00 0 








Elasticity When Per Call Charge ( p) is: ` ` 
2¢ 4¢ 6¢ 


0.01 0.04 0.11 
0.11 0.24 0.51 
0.31 0.58 1.01 
0.58 0.96 1.50 
0.89 1.34 1.95 
0.00 0.02 0.07 
0.02 0.10 0.36 
0.06 0.25 0.75 
0.12 0.43 1.14 
0.21 0.69 1.68 





Note: Parameter values: See Table 3. 


the model. These values were also used to 
plot Figures 4, 5, and 6. In each case, I 
have divided the total number of local calls 
by the number of househclds in the market, 
and reported the average number of calls 


on a per household basis rather than a per ` 


subscriber basis. Tables 4 and 5 show point 
elasticities of these demand functions, 
which vary with both the monthly charge 
and the per call charge. 

Table 6 illustrates the effect of switching 
from a flat rate tariff at approximately the 


1971 prevailing level ($5.50 per month) to 
one of two alternative two-part tariffs. (The 
two-part tariffs chosen for comparison pro- 
vide approximately the same revenue to 
cover incurred costs as does the flat rate. 
The precise revenue requirement is im- 
posed in the following section.) The change 
to either tariff leads to a sizeable increase in 
the proportion of average- and low-income 
households that subscribe to telephone 
service—an increase at average income 
levels from 88 percent to at least 98 percent. 


TABLE 5—ELASTICITIES OF DEMAND FOR CALLS 
(Absolute Values) 





Monthly 
Charge 
(L) O¢ 
A. nv: When Mcnthly Charges Varies 
$2.00 0.00 
3.00 0.01 
4.00 0.05 
5.00 0.13 
6.00 0.25 
B. ng: When Per Call Charge Varies 
$2.00 0 
. 3.00 0 
4.00 0 
5.00 0 
6.00 0 


Note: Parameter values: See Table 3. 


Elasticity When Per Call Charge ( p) is: 


2¢ 4¢ 6¢ 
0.00 0.01 0.03 
0.03 0.08 0.21 
0.12 0.25 0.53 
0.26 0.50 0.89 
0.45 0.77 1.25 
0.11 0.25 0.42 
0.12 0.28 0.57 
0.13 0.36 0.81 
0.16 0.47 1.10 
0.20 0.60 1.39 
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TABLE 6—CHANGES IN NUMBER OF SUBSCRIBERS, CALLING RATES, AND 
MONTHLY BILLS UNDER TWO-PART TARIFFS 
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Flat Rate 
{L = $5.50, 
Item p = 0¢) 

\verage-Income Households (A = 1.0) 
Number of subscribers? 88.1 
Zalls per subscriber per month 120 
“or original subscribers: 

Calls per subscriber per month 120 

Monthly bill $5.50 
7or new subscribers: 

Calls per subscriber per month - 

Monthly bill 2; 
Low-Income Households (A = 0.8) 
Number of subscribers? 77.0 
Calls per subscriber per month 129 
For original subscribers: 

Calls per subscriber per month 129 

Monthly bill $5.50 
For new subscribers: 

Calls per subscriber per month - 

Monthly bill - 
Tigh-Income Households (A = 1.4) 
Number of subscribers# 97.0 
Calls per subscriber per month 113 
For original subscribers: 

Calls per subscriber per month 113 

Monthly bill $5.50 


For new subscribers: 
Calls per subscriber per month - 
Monthly bill - 


Note: Parameter values: See Table 3. 
4Percent of all households. 


At the same time, the imposition of either 
.2¢ or 3¢ per call charge reduces the num- 
ver of calls. For example, the 88 percent of 
Ul average-income households who now 
ubscribe under a flat rate and make on 
iverage 120 calls per month, would make 
ynly 108 calls at 2¢ per call or 102 calls at 
i¢. The new telephone subscribers who are 
ittracted by the reduced monthly charges 
nake considerably fewer calls: either 38 or 
\3 calls per month at average levels of in- 
‘ome. 

Table 6 also shows the effects on existing 
ubscribers of switching to a two-part tariff. 
For households at all income levels, monthly 
ills’ decline somewhat from the flat $5.50 
‘ate. Low-income households are most sen- 


Measured Rate 


Alternative I Alternative II 
(L = $3.00, (L = $2.00, 
P = 24) p = 3¢) 

98.0 99.7 
101 94 
108 102 
$5.16 $5.06 
38 33 
$3.76 $2.99 
93.1 98.2 
102 91 
113 105 
$5.26 $5.15 
47 40 
$3.94 $3.20 
99.8 100.0 
103 99 
105 101 
$5.10 $5.03 
36 28 
$3.72 $2.84 





sitive to the imposition of a per call charge 
and make the greatest reduction in calling. 
However, because low-income subscribers 
under fiat rates are also systematically high- 
volume users, they nevertheless make more 
calls under measured rates than do average- 
or higher-income subscribers, and as a re- 
sult pay slightly higher bills ($5.26 vs. $5.16 
or $5.10 under the 2¢ per call rate). At the 
same time, an important effect of the two- 
part tariff is to make telephone service 
available to low-income households who 
could not previously afford it. As noted, 
these persons are predominantly low- 
volume users whose bills average only 
some $3.20 to $4.00 under measured ser- 
vice. 
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D. Optimal Two-Part Tariffs 


Let us now consider the optimal single 
tariff to be offered to the residential class 
of customers.!! It is assumed that total 
costs of supplying residential service can be 
represented as 


(22) C=F+sN+rQ 


where F is fixed costs, s is the constant mar- 
ginal cost per subscriber, and r is the con- 
stant marginal cost per call. - 

To maximize economic welfare—the sum 
of consumer’s plus producer’s surplus—the 
ideal two-part tariff would set each part of 
the tariff equal to the respective marginal 
cost of a connection and a call: 


(23) 


Under this tariff, the revenue obtained from 
each subscriber, L* + p*q; will just cover 
his marginal cost s + rq; to the firm. Fur- 
thermore, each customer will be induced to 
make telephone calls until the value to him 
of the last call is equal to the incremental 
cost r of supplying another call. Every 
consumer who is willing to pay the incre- 
mental cost of telephone service is able to 
purchase it. Using this marginal-cost tariff 
the telephone company will incur a deficit 
equal to its fixed costs F. 

When the tariff must fully recover costs, 
the second best optimal two-part tariff will 
necessarily involve pricing at least one com- 
ponent of telephone service above its mar- 
ginal cost. In this case, because of the non- 
zero elasticity of demand for connections, 
too high a monthly charge L will keep some 
potential subscribers out of the market who 
are nevertheless willing to pay at least the 
marginal cost of their service, s + rq;. But 
by setting p greater than r, the telephone 


L* = s,p* =r 


H Except for the paper by Gerald Faulhaber and 
John Panzar, the additional welfare gains that may be 
achieved by allowing the consumer to select among a 
set of tariffs have as yet rezeived little theoretical 
analysis. Optional tariffs have considerable impor- 
tance for policy. For example, it is frequently pro- 
posed that a “lifeline” tariff, with a low monthly ren- 
tal charge but a high per call price, be offered as an 
alternative to flat rate service. 
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company can increase its revenue from per 
call charges and therefore reduce the 
monthly charge to attract more subscribers. 
In general, the optimal two-part telephone 
tariff that satisfies the revenue constraint 
will have a higher per call charge than 
would be indicated by pure marginal cost 
(p = r) pricing of calls.” 

To calculate the optimal two-part tariff, 
I will limit my analysis to residential con- 
sumers and assume that any alternative 
tariff must be constrained to raise the same 
revenue (except for differences in costs due 
to changes in the number of subscribers and 
calls) that is now raised by flat rates from 
residential subscribers as a group. This 
procedure has the advantage of making al- 
ternative tariffs directly comparable with 
current pricing practices, but it is likely to 
result in a conservative estimate of the wel- 
fare gains that could be achieved by simul- 
taneously optimizing both residential and 
business tariffs for local service. Studies of 
U.S. local exchange costs have generally 
found revenues from residential customers 
insufficient to cover their costs of service 
(see, for example, Walter Baer and the 
author), and it is likely that a higher resi- 
dential revenue constraint would increase 
the overall efficiency with which telephone 
resources are used. 

To examine the sensitivity of the magni- 
tude of possible welfare gains from two- 
part tariffs to the specification of the model, 
I have made a series of alternative assump- 
tions about cost and demand parameters. It 
is assumed that marginal costs are either 2¢ 
or 3¢ per call, and that the marginal costs 
per additional subscriber are either 60 or 
80 percent of the remaining revenue re- 
quirement ($5.61 per subscriber at average 
levels of usage for flat rate service); the 
remaining costs are fixed. Three combina- 
tions of these assumptions provide us with 


12]f it happened that marginal subscribers and exist- 
ing subscribers made the same number of calls, on 
average, then p=r would be optimal. (See Yew- 
Kwang Ng and Mendel Weisser.) This could occur 
only if the demand curves for different consumers 
were to intersect. 
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the following cost parameters: 


Fixed Cost Marginal Cost Marginal Cost 
per Household: per Subscriber: per Call: 
$1.12 $1.92 2¢ 
0.35 1.60 3 
0.70 1.20 3 


Fixed costs are stated on a per household 
basis, since they are invariant to the number 
of actual subscribers. Similarly, we will 
also measure welfare per household in or- 
der to make direct comparisons between 
tariffs with differing numbers of subscribers. 
The aggregate level of fixed costs or welfare 
would be obtained by simply scaling up 
those values by the number of households 
in the local exchange area. 

Using the parameters of the demand 
function shown in Table 3 and in the Fig- 
ures 4, 5, and 6, we calculate the aggregate 
welfare—consumer’s plus producers sur- 
plus—produced by the $5.61 flat rate tariff 
representative of U.S. residential tariffs at 
1971 price levels. To make this calculation, we 
add up the welfare gains at each level of 
calling weighted by the number of subscrib- 
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ers making that many calls, and divide by 
the number of households. We thus obtain 
a monthly value of $6.16 per household for 
the average welfare of telephone service 
supplied under flat rates. This value, as well 
as the demand for connections and calls, 
are shown in the first row of Table 7. 

In contrast to this baseline case, two-part 
tariffs result in more subscribers, reduced 
calling, and net gains in welfare. The re- 
mainder of Table 7 reports the optimal 
tariffs, market demands, and welfare changes 
under a variety of alternative cost and de- 
mand assumptions. In each case, the opti- 
mal tariff is calculated by maximizing ag- 
gregate welfare, measured at the average 
level of income, subject to the constraint 
that revenues cover costs. (The algorithm is 
outlined in the Appendix.) The second, 
third, and fourth rows of Table 7 show the 
optimal tariffs under each of the variations 
in, cost assumptions. For example, with a 
marginal cost of 2¢ per call, the optimal 
tariff is a monthly charge L = $2.71 and a 
per call charge p = 2.34¢. The increment in 
total welfare, 5.2 percent or $0.32 per 


TABLE 7—OPTIMAL TARIFFS UNDER DIFFERENT Cost CONDITIONS 





Welfare Measure 
Market Demand 





Marginal Cost Optimal Tariff Percent 
= oe o Se oT Number of Calls Change 
Per Per Monthly Per Call Subscribers, per Household Per from 
Subscriber Call Metering Charge Charge Percent of Market per Month Household Flat Rate 
(s) (r) Cost (L) (p) (N) (Q) (W) (AW/W,) 
Baseline case $5.61 flat rate 87.3 105.1 $6.16 - 
$1.92 2.0¢ none 2.71 2.34¢ 98.7 97.1 6.48 5.2 
1.60 3.0 none 1.90 3.04 99.8 93.5 6.62 7.5 
` 1.20 3.0 none 1.81 3,08 99.9 93.3 6.67 8.3 
1.92 2.0 low 2.75 2.46 98.5 96.4 6.33 2.8 
1.60 3.0 low 1.95 3.14 99.7 93.0 6.47 5.2 
1.20 . 3.0 low 1.87 3.18 99.8 92.8 6.53 6.0 
1.92 2.0 high 2.79 2.70 98.1 95.0 6.06 -1.6 
1.60 3.0 high 2.03 3.34 99.6 91.9 6.21 0.9 
1.20 3.0 ‘high 1.92 3.40 99.7 91.6 6.26 1.7 
Notes: Demand Parameters Metering Costs 
a 0.202 Per Subscriber 
v 0.5 Level per Month Per Call 
H 6.15 none 0 0 
o 0.55 low 5.0¢ O.1¢ 
high 12.5¢ 0.3¢ 
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household per month, is the result of elimi- 
nating calls valued at less than their mar- 
ginal cost and gaining new subscribers 
whose consumer’s surplus is positive. Note 
that, as discussed above, the 2.34¢ per call 
charge in the optimal tariff is greater than 
the 2.0¢ marginal cost of a call. (With a 
“marginal cost” tariff (L = $3.06, p = 
2.0¢), the welfare gain is about 2 percent 
lower.) Under the other cost assumptions 
(third and fourth rows), welfare gains from 
two-part pricing range up to 8.3 percent. 

However, such gains must be compared 
with the added costs of metering and billing 
for each call. If the costs of new metering 
and billing services are at the low end of the 
range discussed earlier ($0.05 monthly per 
subscriber plus 0.1¢ per call) and marginal 
costs per call are 2¢, the optimal tariff, 
shown in the fifth rew, increases to a 
monthly charge of $2.75 per month plus 
2.46¢ per call. At these rates, slightly fewer 
households will subscribe to service, and 
there will be fewer calls. Welfare would be 
$6.33 per household per month, a gain of 
2.8 percent over the flat rate situation. But 
if the added capital and operating expenses 
are considerably larger ($0.125 per sub- 
scriber plus 0.3¢ per call), then, as shown 
in row 8 of the table, added costs can more 
than offset the efficiency gains of the two- 
part tariff, and a 1.6 percent loss of welfare 
results. 

To test the sensitivity of the results, I 
have made similar calculations for three 
other sets of values for demand parameters 
besides those used in the initial case." 
Examination of all of these cases reveals 
that the welfare gains from two-part tariffs 
fall in the following intervals: 


Metering Range of 
Cost: Welfare Changes: 
None 4% to 13% 
Low -1% to 9% 
High —3% to 3% 


In general, two-part tariffs lead to the 
greatest improvement in economic effi- 
ciency when metering and implementation 


13These results may be found in the author, Table 7, 
p. 34. 
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costs are low and the marginal calling costs , 


are relatively high (3¢ rather than 2¢ per 
call), At the upper end of the feasible range, 
a9 percent welfare gain is equivalent to an 
annual gain in economic efficiency of about 
$5 per household. If two-part tariffs were 
eventually applied to residential service in 
all metropolitan exchanges, the nationwide 
gains would be on the order of $250 million 
per year. 

For several reasons, the calculations re- 
ported here are likely to understate the full 
magnitude of the welfare gains that can be 
achieved by two-part tariffs. First, although 
my model assumes that consumer’s individ- 
ual demand curves are linear (Figure 1), it 
is likely that for many consumers the mar- 
ginal utility of additional calls (or minutes 
of conversation) declines at a more than 
linear rate and results in a convex demand 
curve. In this case, metered service will lead 
to a more pronounced reduction in calling 
and greater efficiency gains than predicted 
by the linear demand curve model. Second, 
as noted earlier, we have restricted our 
analysis to tariffs that maximize welfare 
while maintaining the historical pattern of 
revenue raised from the residential sub- 
scriber class. Simultaneously optimizing 
local service tariffs for both residential and 
business users would further increase the 
efficiency of the telephone system, although 
it would carry with it the possibility of 
higher residential telephone bills. 

Finally, I have made no attempt to mea- 
sure the additional efficiency gains that 
could be realized by incorporating peak- 
load pricing into measured local service 
tariffs. Since peak load tariffs would impose 
almost no further costs in the large elec- 
tronic exchanges once the equipment for 
metering two-part tariffs is available, any 
shifts in calling patterns that reduced the 
maximum traffic-handling capacity needed 
would represent additional net gains in wel- 
fare. In Norway, daytime (8 A.M.—5 P.M.) 
peak load rates for minutes of local calls 
went into effect in January 1975; since then, 
residential and business users have de- 
creased the number of their peak-period 
calls by 17 and 10 percent, respectively, and 
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off-peak use has increased about 8 percent. 
in addition, residential and business users 
aave shortened their peak-hour calls by 
some 40 percent and 7 percent, respectively 
see Jan-Erik Kosberg, Olav Gaustad, and 
Kristian Bø). This degree of demand elas- 
‘icity, combined with the ranges of peak 
ind off-peak marginal cost estimates de- 
icribed earlier, suggests that peak load 
wicing applied to residential customers in 
netropolitan areas would double or triple 
he welfare gains achieved from a two-part 
ariff alone. Thus, considering only resi- 
dential customers, the potential welfare 
sains from usage-sensitive pricing are likely 
‘o exceed $500 million per year. 


Ill. Conclusions 


The available evidence on demand and 
:ost conditions for local telephone service 
n the United States suggests that per call 
charges for local telephone calls will in- 
crease social welfare in the exchanges, pri- 
narily those with electronic switches, that 
nave low metering costs. In magnitude, the 
zains calculated from our model are rather 
modest, but they should be considered min- 
mum estimates of what can be achieved 
with measured service for all customers and 
with the opportunity to offer discount rates 
‘or calling outside of the peak load period. 

The effect of measured service on differ- 
mnt subscribers will depend on their pat- 
erns of use. In general, measured service 
will attract new subscribers and allow the 
‘elphone company to achieve virtually uni- 
versal service. All groups of consumers will 
make some reductions in their calling. Per- 
3ons who make substantially more than the 
average number of calls will pay higher 
bills, while low-volume callers will save 
under two-part tariffs. These patterns will 
apply at both high and low levels of income, 
but generally speaking, current low-income 
subscribers who tend to use their telephones 
nore will make greater reductions in their 
calling, and will on average pay about the 
same amount for service as higher-income 
subscribers. At the same time, new sub- 
scribers will be predominantly those lower- 
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income households who make relatively few 
calls and who have therefore been unwilling 
to subscribe to telephone service because 
they have regarded it as too expensive un- 
der current flat rates. 

In some respects, this paper has raised 
more questions than it has answered with 
regard to the pricing of local telephone ser- 
vice. For example, what welfare gains 
would peak load pricing offer? In what cir- 
cumstances are multiple tariffs, which per- 
mit the consumer to choose, for example, 
between flat-rate and measured service, su- 
perior to a single two-part tariff? What 
biases does rate of return regulation inject 
into the pricing decisions of telephone 
utilities? Each question calls for new theo- 
retical inquiries. 

With respect to empirical research, per- 
haps the greatest need is for econometric 
studies of telephone demand. Promising 
possibilities would include examination of 
exchanges that have implemented usage- 
sensitive pricing for residential customers, 
and statistical analysis of the distribution of 
calls and holding times in the context of a 
behavioral model. Data from such studies 
would permit the model developed in this 
report to be extended to incorporate peak 
and off-peak calling periods. Finally, new 
insights for U.S. practice could be gained 
from a comparative analysis of the tele- 
phone pricing and demand experience of 
foreign utilities that have long operated 
with various forms of measured service. 


APPENDIX 


In this Appendix, the major computa- 
tional steps required to calibrate the model 
and calculate optimal tariffs are outlined. 
Further details are available in my 1976 


paper. 
A. Calibrating the Model 


On the basis of statistical studies of tele- 
phone traffic patterns by Hans Kraepelien 
and Bell System personnel, it is assumed 
that f,(6) is lognormal with unknown 6 = 
(u,o7) for the mèan and variance. Krae- 
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pelien’s work suggests that o lies roughly in 
the 0.3 to 0.6 range. Given a value of øo, 
knowledge of the arithmetic mean number 
of calls by all potential customers deter- 
mines the parameter x. We use a value of 
120 calls per actual subscriber per month 
for customers receiving flat rate service 
in metropolitan areas. 

In 1970 the U.S. Census reports that 87.3 
percent of residential households had a tele- 
phone available, and Perl reports that in 
1971 the average monthly charge for basic 
residential service in Bell System revenue 
districts was $5.61. 

Using these values, 


N, = 0.873 
Q, = Q,/N, = 120 
L, = 5.6] 


we employ the following algorithm to deter- 
mine the parameters v. a, u, and o? at an 
average level of income (À = 1): 

1) Set initial values of v and ø. (Runs 
were made using yp = 0 to 2.0 and ø = 0.3 to 
0.6.) 

2) Select a trial value of u and deter- 
mine the value of the lcgnormal variate for 
the marginal consumer. 

3) Calculate the mean number of calls 
per household, making use of the distribu- 
tion theory for a truncated lognormal vari- 
able. 

4) Compare the calculated and actual 
number of calls per subscriber and iterate 
for different values of » until the discrep- 
ancy is small. 

At the conclusion of step 4) we have ob- 
tained one set of parameter values (v, o, u, a) 
that is consistent with the observed quanti- 
ties of connections and calls demanded at 
the $5.61 flat rate. Now evaluate the de- 
mand functions for connections and for 
calls, and their point elasticities, for an en- 
tire set of flat rate and two-part tariffs. The 
one further piece of market data available 
suggests that the elasticity of demand for 
connections with respect to the monthly 
charge is in the range of —0.1 to —0.4. If the 
calculated demand functions are in agree- 
ment, with this range of elasticities at the 
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initial flat rate, we have determined one set 
of calibrated parameter values. 

By returning to step 1) and selecting 
other starting values for v and g, we then 
obtain several sets of model parameters that 
are broadly consistent with the available 
empirical facts. 

To calibrate the parameter A of the 
model, data (see Table 1) are used from 
Perl’s study of telephone availability to de- 
termine values of the function A(y) at se- 
lected levels of income. Under ‘flat rate 
tariffs in the $5.00 to $6.49 range, Perl finds 
that availability ranges from 75 percent at 
incomes below. $3,000 to 97 percent for in- 
comes above $12,000. We chose the follow- 
ing availability rates to calculate representa- 
tive values of à for low- and high-income 
consumers: 


Income: Availability: 
Low 15.5% 
Average 87.3 
High 96.7 


To obtain the required values of A, we first 
find the values of the taste parameter @,, for 
the marginal consumer that result in each `~ 
of these levels of availability and then solve 
for the corresponding à under the flat rate 
tariff. Final computer runs were made for 
the four sets of parameter values sum- 
marized in Appendix Table 1. 


B. Calculation of Optimal Tariffs 


We calculate the welfare-maximizing 
tariff for a given set of cost and demand 


APPENDIX TABLE | 


Case 


Parameter I II HI IV 


g 
u 6.15 6.40 6.20 6.10 
a 0.202 0.172 0.201 0.202 
v 0.5 0 0 1.0 
À: 
low income 0.80 0.83 0.80 0.80 
average income 1,00 1.00 1.00 1.00 
high income 1.41 1.32 1.41 1.41 
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parameters by (a) determining each two- 
part tariff that satisfies the constraint that 
revenues equal costs, (b) evaluating the ag- 
gregate consumer’s plus producer’s surplus 
of telephone subscribers under that tariff, 
and ther (c) choosing the tariff that gives 
rise to the greatest surplus. 

Total cost is made up of fixed cost F, a 
constant marginal cost per subscriber s, 
and a constant marginal cost per call r: 
C = F —sN + rQ. Total revenue is R = 
LN + pQ. The market demand quantities— 
the number of subscribers N and number of 
calls Q—are determined by evaluating the 
demand functions M(L,p) and Q(L,p) in 
equations (13) and (17) at the average in- 
come level (A = 1). For convenience, N is 
expressed in terms of the percentage of all 
households who subscribe, and, in order to 
have a measure that is invariant to the num- 
ber of actual subscribers, we measure Q as 
the number of calls per household. 

For tariffs satisfying the budget con- 
straint R = C, aggregate surplus will be the 
sum of the areas under the individual de- 
mand curves of actual subscribers less the 
total casts of providing service. For average 
income households (A = 1) this is 


W = WN + 3 (a + p)Q-C 


To calculate the optimal tariff we use the 
follow:ng algorithm: 

1) Set the values of the cost param- 
eters (F,s,r) and demand parameters 
(v, ©, p, æ). 

2% Set initial tariff parameters L = 
L, = 5.61, p = 0, verify that R = C, and 
calculate W. 

3) Reset s and r to include metering 
costs. Set p = r and set a trial value of 
L= Ex 

3.1) Calculate R and C, and if R > 
C, iterate for lower value of L. 

3.2) When |R —- C| < e = $0.01, 
a feasible tariff [L,p] has been found. Cal- 
culate W. 

3.3) Replace p by p + Ap, reset L = 
L,, and return to step 3.1. 

4) Find the maximum W over the set 
of feasible tariffs. 
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In the simulations reported here, two 
levels of marginal costs per call are used: 
r = 2¢andr = 3¢. If marginal calling costs 
are rQ, at the initial level of usage under 
flat rate service, then we assume that the 
remaining costs to be recovered are equal 
to total revenues R less these costs, or Z = 
R — rQy. These costs are then distributed 
among fixed costs (F) and per subscriber 
costs (s) by assuming that either 20 or 40 
percent of such costs are entirely fixed costs, 
and the balance are marginal costs per sub- 
scriber; these percentages were chosen to 
correspond roughly to the proportions re- 
ported from Illinois Bell by Littlechild and 
Rousseau. 
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Endogenous Bias in ‘Technical Progress 
and Environmental Policy 


By ROGER A. McCAIN* 


Environmental economics is based on an 
analysis of external social costs in an es- 
sentially neoclassical context, with a given 
range of techniques some of which imply 
the destruction of environmental amenities. 
The set of available techniques may be 
dense, so that smooth substitution of capi- 
tal, labor, and environmental degradation is 
possible; or it may not be dense,’ but in any 
case it is given. The neoclassical theory of 
economic growth, by contrast, largely rests 
on the assumption of improving technology 
(see Robert Solow). This dichotomy is re- 
markable in that many laypersons and 
some economists believe that economic 
growth and environmental degradation are 
associated. One of the most important 
insights of the received theory of environ- 
mental economics is, indeed, that pollution 
would occur in an unregulated stationary 
economy. However, that should not close 
the issue insofar as environmental policy is 
concerned, It is possible that technical 
progress may be biased in the direction of 
environmental destruction, as it may be 
biased in the direction of saving labor, of 
saving capital, etc. (see John R. Hicks). 
Indeed, some literature in the theory of 
economic growth assumes that such bias is 
endogenous, determined by market forces.” 
If so, then environmental policy will have 
some impact on the bias, and this should be 
taken into account in the consideration of 
environmental policy. 


*Associate professor of economics, Temple Uni- 
versity. Preparation of an earlier version was sup- 
ported by the Faculty Senate Fund of the City Col- 
lege of the City University of New York. I am 
indebted to an anonymous referee whose suggestions 
improved the paper. 

lAn input-output system with countably many 
techniques of production, for example, is not dense. 

2See Charles Kennedy, William Fellner (1961, 1967); 
also Syed Ahmad, Gary Becker, the author (1970, 
1974a), William Nordhaus, and Horst Reichenbach. 
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This paper considers two approaches to 
endogenous bias in technical progress with 
a view to their implications for environ- 
mental policy. The first section explores the 
innovation-possibility frontier approach, 
and the second explores a newer approach 
grounded in criticism of the innovation pos- 
sibility frontier approach. The third section 
summarizes and restates the conclusions. 


I 


Economists have speculated for some 
time that the characteristics of new tech- 
nology respond to the forces of the market 
(see Hicks; Fellner, 1961; Jacob Schmook- 
ler). This speculation does, however, raise 
troublesome conceptual issues. To say that 
new techniques respond to market forces 
is to say that the new techniques are chosen 
to be suitable to the market forces. Yet, 
clearly, the choice cannot be perfectly free. 
There must be some sort of limitation on 
the set of available technological op- 
portunities. The innovation-possibility fron- 
tier is an idealization of such a constraint. 

We consider the existing technology as 
being characterized by a production func- 
tion of the form 


(1) Q = f (EN, FK) 


with constant returns to scale and a con- 
stant elasticity of substitution. In particu- 
lar, since we shall have to consider the case 
of a factor of production which has a zero 
price, we assume 


(1’) Q= 


so that the elasticity of substitution is zero. 
Technical progress takes the form of 
changes in E and F, constrained by the 
innovation-possibility frontier: 


(2) g(E*,F*) = 0 


min (EN, FK) 
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where E* denotes (1/E)(dE/dt), F* de- 
notes (1/F)(dF/dt), and g is a convex func- 
tion.’ The characteristics of this model are 
now well known (see Kennedy). The key 
conclusions are 1) that for an optimum, 


@) 2 = (@g/3E*)/(@g/3F*) 


where w is the wage and r the rate of return; 
and 2) in steady-growth “equilibrium,” 


(4) Fe =0 


that is, all technical progress is labor aug- 
menting. 

The steady-growth equilibrium requires 
that equation (4) be fulfilled, if the average 
propensity to save is constant. The constant 
propensity to save implies that Q/K is 
constant, and so, 


(5) Q* = K* 


However, we may assume that the con- 
straint 


(6) Q = FK 


is always binding, since otherwise a small 
F* and correspondingly larger E* would 
have been optimal in some previous period. 
From (6) follows 


(7) Q* = F* 4 K* 
from which (4) follows as a property of 
steady growth. 


It seems plausible that the underpricing 
of environmental amenities would result in 
a process of technical change biased in the 
direction of environmental pollution. To 
explore this point, we might simply add 
environmental capacity,’ an unpriced col- 


3As a notational convention, for any variable x, 
(L/x)(dx /dt) is denoted x*. 

4Herman Daly has stressed that the notions of 
ultimate input and final output are deceptive. The 
level of production is a level of throughput, and this 
throughput is constrained, in the long run, by the 
capacity of the environment to absorb and recycle 
wastes. This is the rationale of the term “environ- 
mental capacity” and the treatment of it as in some 
sense fixed. 
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lective good, as a third input in (1) and (2) 
above, yielding 


(8) 
Q = f(EN, FK;GR) = min (EN, FK,GR) 
(9), g{E*, F*,G*) = 0 


with R interpreted negatively as environ- 
mental capacity used up, or positively as 
the quantity of industrial pollution. With 
environmental capacity priced at zero, and 
with F* = 0 in a steady-growth process, 
we might expect to find a situation such as 
that portrayed in Figure 1. There, ff’ is the 
cross section of the innovation-possibility 
frontier with F* = 0. If environmental 
amenity is unpriced, a profit-maximizing 
entrepreneur (or a _ bonus-maximizing 
socialist manager) will maximize £*, yield- 
ing equilibrium rates of technical progress 

č, EX, with GF <0 a possibility. We 
then have, from Q = GR, 


(10) R* — Q* = -Gë 


that is, pollution outgrows output by the 
absolute value of the rate of pollution aug- 
mentation Gğ. 

If government imposes a price on pollu- 
tion of u per unit, pollution cost of uR must 





FIGURE | 
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be balanced against the cost of labor wN. 
The slope of line Ah’ is wN/uR; and, 
subject to that expenditure ratio, the 
profit-maximizing E*,G* pair is E¥,G¥ 
with G¥ > 0. This seems to offer the pos- 
sibility of stabilizing pollution R in a grow- 
ing economy. What is required is that u be 
large enough (the slope of hh’ shallow 
enough) that 


(11) Gf = Q* = Ef + N* 
for identically 

(12) G* + R* = Q* 

so it would follow that 

(13) R* =0 


In fact, however, a steady u cannot yield 
this result. With u constant the equilibrium 
at Gf, E} is unstable, for the slope wN/uR 
will be changing. 


(14) (wN/uR)* 


w* + N* — R* 
E¥ + N* — Q* + G¥ 
= GF >0 


Tt 


so that EF increases and G# diminishes, 
until in steady-growth equilibrium, 


(15) G* =0, E* = EF 


That is, as before, all technical progress is 
labor augmenting. Not pollution R, but 
pollution per unit of output G is stabilized. 
However, output is growing (at a rate N* + 
E#), and pollution is growing pari passu 
with output. This is, to be sure, an improve- 
ment over Gj, Eğ, but it is hardly satis- 
factory. 

If R is to be stabilized at a given level, R, 
then R will be essentially playing the part of 
land in a three-factor land, labor, capital 
model. Such a model, with an innovation 
possibility frontier, has been explored (see 


SWhile the research leading to this paper was under- 
way, I reviewed a preliminary version of J. Kirker 
Stephens’ paper, which covered some of the points 
above. My own back-of-the-envelope version closely 
paralleled Stephens’ but was far more preliminary, 
and I have profited from his formulation. What fol- 
lows, however, diverges from Stephens. 


THE AMERICAN ECONOMIC REVIEW 


SEPTEMBER 1978 


the author, 1970; Reichenbach). In such a 
model the price of the fixed factor must rise 
(see the author, 1970). Indeed, it is required 
that u* = E* + N* = Q*. It is indeed the 
given (but nonzero) price of environmental 
amenity which stabilizes growth at G* = 0, 
just as the constant price of capital (due to 
proportionate saving) so stabilizes it in the 
two-factor model. If indeed, u* = E* + 
N* = Q* and the initial value of u is large 
enough that Gf = E* + N* = u*, then 


(16) (wN/uR)* 
(17) R* 
(18) (wN/uR)* 


wt + N* — u* — R* 
O* _ Gt =0 

wt + N* — ut 

wk + N* — wt — N* 
=0 


il 


Such a growth equilibrium is steady. More- 
over, it is stable (see Reichenbach). 

This has some importance for environ- 
mental policy. The most common proposal 
to deal with the destruction of common en- 
vironmental amenities is that a tax should 
be placed either on pollution or on pol- 
luting activities. It seems unlikely, however, 
that pollution taxes would have the kind of 
automatic upward flexibility required to 
stabilize pollution in a technically dynamic 
economy. The proposal to establish a mar- 
ket for pollution quotas would have the 
needed upward flexibility, as would William 
Baumol’s proposal. Despite the well-known 
shortcomings of quantitative regulation, 
such regulation might be a politically 
feasible “second best” solution, taking the 
implications of this model into account. 

Baumol’s proposal proceeds from the 
assumption that the optimal levels of pollu- 
tion will be very difficult to discover in 
practice. Thus, the targets for each pol- 
lutant are determined politically and may 
not be optimal. Once the targets are de- 
termined, pollution taxes are adjusted by 
trial and error to the levels which induce 
restriction of pollutants to the target levels. 
Although the pollution levels attained may 
not be efficient, the reductions of pollution 
are efficiently distributed among potential 
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polluters, since all potential polluters face 
the same price of pollution. This avoids 
some of the obvious shortcomings of de- 
tailed quantitative regulations while secur- 
ing the advantage of an automatic and 
appropriate rate of increase of the price of 
pollution. 

We should observe that there can be no 
gain in G* without a sacrifice in the growth 
rate of the standard of living, which is in- 
dicated by E* = Q* — N*, the growth rate 
of income per unit of labor. The exact 
quantitative dimensions of the sacrifice 
required cannot be known. 

Thus, the innovation-possibility frontier 
approach leads to the following conclu- 
sions. Where technology is flexible, a zero 
price of environmental amenity will indeed 
induce a bias in technical progress toward 
the destruction of the environment. This 
may well lead to an increase in pollution 
out of proportion to the increase in produc- 
tion. A stable positive price of pollution will 
eventually stabilize pollution per unit of 
output but will not stabilize the quantum of 
pollution in a growing economy. To 
stabilize pollution in a growing economy, it 
is necessary that the price of pollution in- 
creases at the same rate as output, if the 
innovation-possibility frontier model is de- 
scriptive of reality. However, this strong 
result does not hold true without modifica- 
tion in the more general model to which 
we now turn. 


H 


In a criticism of the innovation-possibil- 
ity frontier approach, Nordhaus proposes 
an alternative and more general approach. 
Nordhaus defines an “‘isotech”’ as the set of 
all techniques which can be attained at the 
same given cost. The family of isotechs de- 
fines the technological opportunities avail- 
able at a particular time. This approach has 
at least the following advantages over the 
innovation-possibility frontier approach as 
that approach exists in the literature: 1) 
technical progress is not supposed costless, 
2) the overall rate of technical progress may 
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be endogenously determined with reference 
to cost,° 3) it is independent of the steady- 
growth, factor augmenting technical prog- 
ress assumptions which limit the generality 
of the innovation-possibility frontier 
approach. 

Let us consider the problem of designing 
a new sort of plant for the purpose of sup- 
plying a particular product. The price of the 
product and the quantity demanded are, for 
simplicity, taken as given; units are nor- 
malized so that the price of the product is 


“one. The characteristics of the new plant 


are expressed as 


n = labor per unit of output 

k = capital per unit of output 

y = pollution per unit of output 
Q = anticipated flow of sales 


The plant’ will be a one-hoss shay; its du- 
rability is given and denoted by m (it is as- 
sumed that the usefulness of the research is 
limited to the life of the plant on the hy- 
pothesis that, once worn out, the plant will 
be replaced by another of still later and bet- 
ter technological vintage). The value of the 
plant is the demand price, 


(19) [ee — wnQ — uvQ)dt = 


of e "(1 — wn — uv)dt 
0 


where r, u, and w are as before. However, 
the value of the design will be the demand 
price minus the capital cost of the new 
plant: 


(20) [ere — wnQ — uvQ)dt — kQ 


= o| [ena — wn — uv)dt — 
Jo 


6These difficulties are not inherent in the approach, 
however. My 1978 paper extended the innovation- 
possibility frontier approach to include development 
cost and the endogenous determination of the in- 
novation-possibility frontier. 

TIt is not meant to imply that there would be only 
one factory built to a design, but a complex of fac- 
tories of a number large enough to supply output Q. 
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The isotech will now be an array of 
(k,n,v) triplets which can be attained at 
the same cost; the zero isotech defines the 
neoclassical production function, which 
may or may not allow the smooth substitu- 
tion of factors (compare Becker). In passing, 
we have implicitly imposed the restriction 
that this production function will display 
constant returns to scale, in the assumption 
that k, n, v are given regardless of Q. We 
may express the family of isotechs as an 
expenditure function, 


(21) E = g(k,n,v) 
with g (ks, no, Yo) = O where ka, Ro, Y are the 
_ contemporaneous values of k, n, y. 
We proceed to explore the properties of a 


maximum of (20), subject to the constraint 
that 


(22) 


Since the instrument variables k, n, and 
v are constants for the term of integration, 
the methods of the calculus of variations 
are not needed (however, compare the 
author, 1974b). The Lagrangian function is 


23 = j rt = ox oy 
(23) L o| T e"(1 — wn — uy)dt | 
+ A(E, — g(k,n, v)) 


The necessary conditions for a maximum 


atk, n, y) = E, 


are 
(24a) E __¢ i ev w(t)dt 
ôn 0 
og 
on 
(24p) 2L = -Q A o*y(t)at 
ov 0 
og 
SS. asf) 
ðv 
ðL ôg 
et _ — = 0 
PSO)? pee ag 


We may denote 
(25a) W= J e™w(t)dt 
0 


as the wage per person over the entire life 
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of the plant and 
(25b) U= f e"u(t)dt 
0 


as the total payment of pollution penalties 
over the life of the plant. In case w and u 
are constant over the life of the plant, we 


have 

(26a) W=w f edt 
0 

(26b) U =u f edt 
0 

where 


m 
J edt 
0 


is, of course, the discounted present value 

of an annuity of one dollar for m years. 
These conditions yield the following 

optimum rules in the familiar form: 


(27a) U/W = (ag/av)/(ag/an) 
(27b) U = (3g/ðv)/(ðg/ðk) 
(270) W = (3g/ôn)/(0g/ðk) 


We can express these rules in diagrams 
of a familiar sort. For simplicity, however 
(and to avoid drawing three-dimensional 
diagrams), we suppress the variable k and 
consider only n, v, and equation (27a). Sup- 
pose, to begin, that u = 0 throughout the 
lifetime of the plant. Then U/W = 0. This 
is shown in Figure 2, where the “‘expan- 
sion” path aa’ is the locus of all optima 
with (dg/dv)/(dg/dn) = 0. Any positive level 


of technical effort, such as isotech 1, will - 


result in an increase in pollution per unit 
of output. A larger development effort, 
such as isotechs 2 and 3, will yield still more 
pollution per unit of output. 

If, however, U is positive and large 
enough, and W independent of the size of 
the development effort, then we have the 
contrasting possibility shown in Figure 3. 
The expansion path aa’ shows decreasing 
pollution per unit of output, which may or 
may not be sufficient to offset growing out- 
put in a growing economy. If U is suffi- 
ciently large, it would seem that pollution 


Al 
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FIGURE 2 


could be stabilized in a growing economy. 
This is, however, superficial. The assump- 
tion that W is independent of the size of the 
development effort is artificial. It would 
seem that a consistently larger development 
effort would, over time, result in a faster 
rise of wages because of the faster rise in 
labor productivity and so in labor demand. 
One of the advantages of steady-growth 
models, which this approach gives up along 
with their simplifying assumptions, is that 
the steady-growth models take interdepen- 
dencies of this kind into consideration. 

To anticipate the effect of aggregate pro- 
duction on aggregate pollution in the terms 





FIGURE 3 
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FIGURE 4 


of the model, we must take into account 
the impact of aggregate development effort 
on the aggregate demand for labor. No at- 
tempt will be made to do this formally. Let 
us consider the isotechs in Figure 4 to be 
aggregate ones, n to be the aggregate labor- 
output ratio, and y the aggregate pollution- 
output ratio. (It is not clear that such ag- 
gregate isotechs need exist, so this is just the 
kind of simplifying assumption we would 
very much like to avoid, if we could.) Each 
individual technical development manager 
may play the part of a perfect competitor, 
taking W as parametric and making deci- 
sions in accordance with (27a) above. (Here 
we have another fragment of the steady- 
growth general competitive equilibrium 
simplifying assumptions the isotech ap- 
proach was partly meant to avoid,’ and im- 
plicit in the mathematical model from the 


8Clearly, a labor-monopsony maximum would dif- 
fer from equations (23)-(27) above as would a 
product-market monopoly model. However, it is not 
clear that a monopsony model would illuminate the 
issue considered in the text at this point, for we must 
presume that the elasticity of supply to a sector would 
be greater than that overall, even if it is not infinite 
to a sector. Moreover, it seems likely that the final 
results would not be affected by monopsony in the dif- 
ferent sectors, provided that technical development 
would not affect the degree of monopsony, that is, the 
elasticity of labor supply (or the degree of monopoly, 
similarly defined). The more interesting possibility, 
indeed, is that technical development might affect the 
degree of monopoly or monopsony. This is, however, 
beyond the scope of this paper. 
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beginning.) Then a larger aggregate devel- 
opment effort would result in a higher W, 
and with U given, this would lead to a pol- 
lution bias which, for a large research effort 
like isotech 3, approaches the same limit as 
we observed in Figure 2. To secure the anti- 
pollution bias shown in Figure 3, it is neces- 
sary again that U and hence u be flexible 
upward. With rising wages in a growing 
economy, u must be rising too and (this 
model suggests) at about the same rate as 
wages. 

Thus, the two models suggest similar 
conclusions for environmental policy. First, 
zero pricing of environmental amenities will 
indeed produce a bias toward environmen- 
tal pollution, so that pollution increases 
more rapidly than production. Second, if 
pollution is to be stabilized in a growing 
economy, the price of pollution must not 
only be positive but flexible upward and 
must rise at least pari passu with labor 
productivity and wages. 
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The discussion of the last section con- 
tains some tacit assumptions which should 
not go unmentioned. The equations are, of 
course, descriptive of interior maxima and 
describe only the necessary conditions for 
such maxima. The convexity of the isotechs 
and of the expenditure function, that is, the 
sufficient conditions for a minimum, are not 
self-evident and are assumed. In addition, 
however, the conclusions of the previous 
sections depend on the forms of Figures 1, 
2, 3, and 4. Other forms are possible, and 
the purpose of this section is to point out 
these other logical possibilities in order to 
underscore the presence in the previous sec- 
tion of some powerful, if plausible, positive 
hypotheses about the nature of technologi- 
cal opportunities. 

Consider first Figure 1. Had the inflec- 
tion point at G#, Eğ been drawn in the first 
quadrant, that is, with Gë positive, the out- 
come would have been quite different. First, 
the bias with a zero price of environmental 
amenities would have been toward decreas- 
ing pollution per unit of output. Second, 
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FIGURE 5 


no steady-growth equilibrium would then 
have been possible with a positive pollution 
price. Clearly, in drawing Figure I as we 
did, we imposed a positive hypothesis of 
considerable strength and importance. 
Second, consider Figures 2, 3, and 4. 
There the isotechs are drawn roughly ellip- 
tical? with the major axis a line of negative 
slope. Had the major axis been a line of 
positive slope, again, an altogether different 
practical conclusion would have been 
drawn. This is illustrated in Figure 5, 
where, despite the zero price of environ- 
mental amenities, technical development 
reduces pollution per unit of output. Here 
again, the figures are drawn in such a way 
as to introduce a powerful hypothesis. 
Ultimately, the issue between Figures 2 
and 5, for example, is an. empirical one. 
However, the hypothesis tacit in Figures 


1-4 is actually a very plausible one, if it is™ 


viewed as an extension of the neoclassical 
production function model. 

Both the model of Section I and that of 
Section I are intended as generalizations of 
the neoclassical production function. The 
neoclassical model assumes that costless 
substitutions among factors may be made 


9No free disposal is assumed, by contrast with 
Nordhaus. With respect to pollution, free disposal 
would be troublesome. It sometimes happens that a 
change of circumstances will render saleable a joint 
product which was formerly a polluting waste. 
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with positive marginal productivities over 
a wide range of factor ratios. The model of 
Section II, by contrast, assumes that all 
factor substitutions have a positive cost of 
transition. This renders the marginal pro- 
ductivity of a factor undefined. However, 
the marginal rate of substitution (at a given 
cost of transition, i.e., given Æ) is defined, 
and it is precisely —(@E/dn)/(@E/dv). The 
hypothesis that both marginal productivi- 
ties are positive implies that the marginal 
rate of substitution is negative. We extend 
this hypothesis by assuming that — (0E/dn)/ 
(3E/ðv) is negative for small departures 
from no, Yo. This implies that isotechs are 
downward sloping for (n,v9), and (mp, v) 
as in Figures 2-4. 

Furthermore, this reasoning applies to 
Figure 1 as well, since the innovation- 
possibility frontier can be considered as a 
transformed isotech of special form. At 
any moment of time, for example, E* = 
E/E, F* = F/F, and G* = G/G define a 
set of E, F,G, attainable within a specified 
period of time at zero cost or indeed at any 
higher cost. Moreover, E = 1/n, F = 1/k, 
and G = 1/v. Thus inverted, the innovation- 
possibility frontier becomes a degenerate 
family of isotech curves (which is not, how- 
ever, stable over time), and the argument 
above can be applied pari passu. 

The figures and the mathematical models 
contain another important tacit assump- 
tion, although on it the models differ. The 
difference in turn explains the difference in 
‘the results, in that the model of Section II 
relates optimum to relative factor prices, 
_ whereas that of Section I relates optimum 
to relative factor expenditures. The dif- 
ference is that in Section IJ the isotechs are 
tacitly supposed to be stable functions of 
absolute deviations from base productivi- 
ties, while in Section I the innovation pos- 
sibility is defined by a stable function of 
relative deviations from base productivi- 
ties. 

Suppose that, in place of (21), we write 


(28) E= ate a +} 
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with g’ (1, 1, 1) = 0. Then 


(29) dE/dk = (1/k,)(dg'/dk) 
dE/dn = (1/n,)(dg' /dn) 
d£/dv = (1/¥,)(dg' /av) 
and (27a) becomes 
(30) U/W = (n,/Ya)(ðg'/3v)/(ðg'/ðn) 
or 
(31) v,U/n,W = (ag'/dv)/(dg' /an) 


and the slopes of the “budget lines” in 
Figures 2, 3, and 4 become the anticipated 
relative expenditures if factor proportions 
remain unchanged. The isotech approach 
then yields substantially the same result 
as does the innovation-possibility frentier 
approach (compare Becker). 

Can any case be made for either (21) or 
(28) against the other? In other words, can 
we defend the notion that technical transi- 
tion cost is an invariant function of abso- 
lute deviation from current productivities 
and not the relative deviation or vice versa? 
It is generally agreed that EF depends, not 
only on the deviations k — k,, n — n, 
v — v, but also on the previous history of 
productivity advance (see Nordhaus). The 
explanation underlying (28) is a very simple 
hypothesis as to how this might occur. 
Probably things are not so simple, but it 
merits consideration. Undoubtedly other, 
equally simple hypotheses can be incor- 
porated in the form ofg ( )in (21). In any 
case, the issue is an empirical one and at 
this stage a very murky one. 

The primary point, however, is that the 
results of Sections I and II are not, appear- 
ances to the contrary, in contradiction. 
Rather, the different results merely reflect 
different mathematical forms, for if g 
(k, n, v) = g'(k/k,, n/n, v/v), the two 
optima (27) and (1) correspond precisely 
(compare Syed Ahmad). 

Both models, then, seem to be reasonable 
extensions of the neoclassical model, in the 
light of the tacit assumptions which under- 
lie the diagrams and mathematical models. 
That the model of Section II is more gen- 
eral has been noted. This generally leads to 
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a different mathematical form, but the re- 
sults, though different in appearance, en- 
compass those of Section I as a special case. 


IV 


I have explored two models of the im- 
pact of economic variables on trends in the 
productivity of labor and capital and pol- 
lution per unit of output. On the assump- 
tions that technology is flexible in response 
to economic forces and that reductions in 
pollution per unit of output must be traded 
off against improvements of productivity, 
the intuitive notion is confirmed that tech- 
nical progress will be biased toward use of 
unpriced environmental amenities. In that 
case, pollution will increase more than in 
proportion with output. However, pollu- 
tion cannot be stabilized in a growing 
economy by a positive and constant pollu- 
tion price. Rather, the pollution price must 
rise at least proportionately with the pro- 
ductivity of labor, that is, the wage. It must 
rise even more rapidly in some cases. De- 
pending on the characteristics of the model, 
it may be necessary for the pollution price 
to rise proportionately with the total wage 
bill. In any case, it is necessary that the 
pollution price be flexible upward, if pollu- 
tion is to be stabilized. One may doubt that 
direct legislation of such penalties as taxes 
will provide for appropriate flexibility. The 
proposal for markets in pollution rights and 
the Baumol proposal do provide for, ap- 
propriate flexibility. However, quantitative 
regulations may be the best politically feasi- 
ble approach to environmental manage- 
ment, when these long-run tendencies are 
taken into account. 
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Empirical Tests of the Life Cycle Hypothesis 


By Betsy BUTTRILL WHITE* 


Since 1954, when Franco Modigliani and 
Richard Brumberg published the seminal 
article on the subject, the life cycle hy- 
pothesis has become a_ well-established 
model of personal consumption and saving. 
The model has been subjected to numerous 
empirical tests whose results allege to be 
supportive of the hypothesis.! This paper 
outlines a general critique of previous re- 
gression analyses of the model and presents 
a new test of the model. The test demon- 
strates that the model is lacking as an ex- 
planation of aggregate personal saving in 
the United States. 

The methodology employed in this paper, 
simulation analysis, takes a set of assump- 
tions and calculates the quantitative impli- 
cations of these assumptions. That is, it 
answers the question, what are the values of 
the variables in question when the economy 
and the economic actors behave exactly ac- 
cording to the assumptions employed? The 
major advantage of simulation analysis 
over regression analysis in testing the life 
cycle model is that it obviates the aggrega- 
tion and data problems which generally 
vitiate regression results. 

In testing the model, several sets of simu- 
lations are performed using various as- 
sumptions about the lifetime income and 
consumption streams of individuals. These 
simulations calculate the aggregate personal 
saving implied by the life cycle model un- 
der the assumptions employed. The results 


*Economist, Federal Reserve Bank of New York. 
This article is based on my Ph.D. dissertation sub- 
mitted to Stanford University. 1 would like to thank 
Duncan K. Foley for his guidance and insightful 
comments. The views expressed in this article are mine 
and do not necessarily reflect the views of the Federal 
Reserve Bank of New York. 

‘See, for example, Albert Ando and Modigliani 
(1957, 1963), Brumberg, M. J. Farrell, Malcolm 
Fisher, Michael Landsberger, Keizo Nagatani, and 
James Tobin. 
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are strengthened by the use of actual ag- 
gregate income and demographic data. Al- 
though the simulations are based upon the 
specific micro foundation assumed by the 
authors of the life cycle model, the results 
of the simulations are sufficiently strong to 
apply to all theories of consumption which 
propose that people abstain from current 
consumption in order to provide ‘solely for 
future consumption and that this sort of 
abstention explains the totality of observed 
personal saving. 

The major conclusion drawn from this 
analysis is that saving for future consump- 
tion does not account for the totality of ob- 
served aggregate personal saving. For a 
wide range of parametric values, the simu- 
lated values of aggregate saving fall sig- 
nificantly short of the observed levels. At 
best, the simulated values are about 60 per- 
cent of the observed values. 


I. Limitations of Regression Analyses 
of the Life Cycle Model 


The ultimate goal of empirical testing in 
economics is to determine how well a theo- 
retical model corresponds to the reality of 
an economic situation. In order to be fruit- 
ful, an empirical test must differentiate the 
empirical implications of one theory from 
another and the significance of the results of 
the tests must be determinant. In regression 
analysis, the regression equation should 
represent only one theoretical model. If the 
estimating equation can be derived from 
either of two models, regression analysis 
using a given set of data cannot tell us 
which, if either, of the models is supported 
by the data. 

In this respect, there are two major inter- 
related problems in using regression analysis 
to test the life cycle model. They deal with 
the aggregation procedure used in deriving 
the aggregate function to be tested and with 
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the data used in the regression. Given 
adequate data on the age, lifetime income, 
and net worth of individuals, the life cycle 
model could be tested at the micro level. 
However, since such data are not available 
at this time, aggregate data have been used 
to test the model. Unfortunately, in order 
to aggregate individual consumption func- 
tions into an aggregate consumption func- 
tion which is estimable, several rather un- 
warranted assumptions are made. The usual 
aggregation procedure produces a function 
of the general form: 


(1) C, Pe bY, Ga b24, 


where C, = aggregate consumption at 
time t 

Y, = aggregate income at time t - 
A aggregate net worth at time t 


t 
b,,b, = coefficients to be estimated 


This equation is not representative of the 
life cycle model and, even if it were, it is 
also representative of other consumption 
models. For example, this equation is repre- 
sentative of the Keynesian model when 
capital gains are considered important. 

One of the basic assumptions? of the life 
cycle model implies that the individual’s 
utility function takes the form: 


O U= wey + a)" 
where u(c;) = (1/(1 — d))c}~*? (d > Oand 
+ dconstant d #1) 
u(c;) = Inc; (d = I) 


+ a constant 


T = years in the individual’s economic 
life 

c; =. flow of consumption services in time 
period i ; 


2Modigliani and Brumberg assume that the in- 
dividual’s utility function is “such that the proportion 
of his total resources that an individual plans to devote 
to consumption in any given year of his remaining life 
is determined only by his tastes and not by the size 
of his resources” (1969, p. 106). Both Menahem Yaari 
and Earl Thompson provide proofs that such an as- 
sumption implies the utility function of equation (2). 
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rate of pure time preference 
elasticity of marginal utility with 
respect to consumption? 


P 
-d 


Three other assumptions of the model 
specify the individual’s lifetime budget con- 
straint as 


f; 

; L s . 

GU +r) = a+ E (+ yi 
Ate 


TMa 


(3) 


where 7; = years remaining in the jth in- 
dividual’s economic life in time 
period t 
ci = consumption by individual j in 
year i of his remaining life 
yi = earned income of individual j 
p in year i 
r = real rate of return at which the 
individual can borrow or lend 
without limit 
aj = net worth of individual j in 
time period t (zero at the begin- 
ning of economic life) 


Maximizing equation (2) subject to the 
constraint (3), renders the rate of growth of 
individual consumption along the optimal 
consumption path as 


(4) saua a 
C, l+p 





Using expression (4) in equation (3), and 
solving for ci, the individual’s consumption 
function becomes 


T 
(5) ei =| na + n+ atlas 
i=l 


1 + r\&~ Da ; 
1 (ii) 
fess, ( o , 





Tj 
where A; = >> 


pO ret 
The aggregate consumption function de- 


3 Alternately, (—1/d) is the elasticity of substitution 
between consumption in one period and the next. 

*Ando and Modigliani (1963) assume 1) “The in- 
dividual neither expects to receive nor desires to leave 


_ any inheritance” (p. 56), 2) “The rate of return on as- 


sets is constant and is expected to remain constant’” 
(p. 59), and 3) Capital markets are perfect. 
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rived from the life cycle model is merely the 
sum of all the individual consumption func- 
tions. This aggregate function is given in 
equation (6). 

T; 





{ . 
Po p È Ht NE 
© GQ =P à=} = 
=l jal A; 
P qi 
+È 7 = nf + 
mr. 
ee ek 
j=l 
yO 
é 2 » + A P ai 
i= + _t 
jel A; È A; 
where C, = aggregate consumption in time 
period t 
Y, = aggregate income in time pe- 
riod t 


P = population size in time period t 


When equation (1) is used in a time-series 
analysis instead of the true equation, equa- 
tion (6), the effects of changes in the age 
distribution, the age distribution of income, 
and the age distribution of net worth are 
completely ignored, and it is these factors 
which empirically differentiate the life cycle 
model from other models of consumption 
and saving. Thus, one must look beyond 
the technique of regression analysis in test- 
ing the life cycle model. 


Il. A Simulation Analysis of the 
Life Cycle Model 


Instead of estimating the coefficients of 
the aggregate saving equations, the simula- 
tions reported below calculate the levels of 
aggregate saving suggested by the assump- 


5Given sufficiently disaggregated cross-section data, 
one could use an equation similar to equation (1) to 
estimate b; and b, for groups with the same age, ex- 
pected income and net worth. The life cycle model 
could be tested by comparing these estimated coeffi- 
cients to values suggested by the model. An attempt at 
such an analysis was made by Harold Watts. See the 
author (ch. 2) for a discussion and critique of this and 
other attempts to use cross-section data in testing the 
model. 
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tions of the model and the sensitivity of 
these levels to various changes in these as- 
sumptions. The test of the model is the 
comparison of these simulated values of 
saving to the actual values of saving dur- 
ing three particular years (1953, 1959, and 
1964). 


A. The Mechanics of the Simulations 


The procedure for calculating the simu- 
lated value of aggregate saving is concep- 
tually rather simple.é Using equations (3) 
and (4), the individual’s optimal consump- 
tion path is 


_ [1+ Nee 
o a = a(t +) 





T F 
Z yl + r) 
T 


= T/L p A6 x 
1 0-i) 
2 ( +7) ean 





and where the variables are defined as in 
Section I. The level of this optimal con- 
sumption path depends on the present value 
of the hypothesized lifetime income stream, 
The authors of the life cycle model assume 
that all individuals have the same income 
and that they all expect to receive equal 
incomes t years from now (provided they all 
are still working at that time). In the follow- 
ing simulations, several different lifetime 
income streams are hypothesized to test the 
sensitivity of the model to this assumption. 

Given a lifetime income stream, the in- 
dividual’s net worth and current saving can 
be derived using equation (7). The individ- 
ual’s net worth a, is given by 


6The simulations were performed using a Fortran 
computer program written by me and based on equa- 
tions (7)-(10). The program calculates for an individual 
in each age group in the economy: a lifetime income 
stream; a lifetime optimal consumption path; a life- 
time saving path; and net worth positions for each 
time period. In calculating aggregate saving, the pro- 
gram multiplies the simulated saving of an individual 
in a given age group by the actual number of people 
in that age group and then sums this group saving 
over all age groups. A program listing and description 
are available from the author upon request. 
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tazi 
(8) a= 2 (yi = ctl + rile 


His current saving is simply the difference 
between his total current income and ‘his 
current consumption: 


(9) 


where ar is the individual's interest income. 
Finally, aggregate personal saving is cal- 
culated by summing across all individuals 
in the economy: 


Sp = Vp t+ ar — ¢ 


(10) S, 


i 
M 
a 


j=l as 


where S, is current aggregate personal sav- 
ing and P is the number of consumer units 
in the economy. 

The earned income concept suggested by 
the life cycle model is disposable labor in- 
come plus contributions to social security 
and pension funds. However, due to the 
lack of such data, total disposable personal 
income is used here. To the extent that this 
variable overestimates disposable labor in- 
come by including nonlabor income, the 
following simulations overestimate the level 
of saving suggested by the life cycle model. 

The simulations reported here use age 
distributions and aggregate income for the 
years 1953, 1959, and 1964. The year 1953 
was chosen initially because it is the post- 
World War II year in which the unemploy- 
ment rate was the lowest, However, as a 
result of Korean War expenditure, the 
economy in that year was overstimulated. 
The cyclical expansion peaked in that year. 
According to the life cycle model, during 
periods of unexpectedly high income, sav- 
ing also should be relatively high in order 
to carry the consumption benefits of the 
unexpected income over to future periods. 
The year 1959 was chosen as an approxi- 
mation to a situation in which cyclical 
fluctuations play little or no role. The first 
quarter of 1958 marked the trough of a 
business cycle. The following business up- 
turn, of which 1959 was’a part, was rela- 
tively short and undramatic in its effects. 
Thus, the economy was neither at a trough 
nor at a peak and the expansion that oc- 
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curred was not as dramatic as that in early 
1953. The year 1964 was not dissimilar to 
the year 1959 in that it was the middle of an 
expansion phase, but the'phase was much 
longer than the one following the 1958 
trough. 

For the following simulations, it is as- 
sumed that individuals enter the labor force 
at age twenty, retire on their sixty-fifth 


` birthday, and die on their seventy-fifth 


birthday. It is also assumed that aggregate 
income is earned by individuals between 
twenty and sixty-five years of age, and that 
each individual of a given age earns the 
same income. The assumptions of a 45-year 
earning span and a 10-year retirement pe- 
riod are used because they more closely 
approximate reality than Ando and Modi- 
gliani’s (1963) assumption of a 40-year 
working span and 10-year retirement pe- 
riod.’ 

The lifetime income stream for each age 
group in the economy is calculated such 
that the sum of current income of all in- 
dividuals in the economy is equal to actual 
observed disposable personal income in the 
year in question.’ Given these income 
streams, the lifetime consumption stream 
for each age group is derived using equatian 
(7). Because these consumption paths are 
dependent upon the relationship between 
the rate of return z and the individual's 
rate of time preference p, and the elasticity 
of marginal utility —d, a wide range of 
values for these parameters is used in each 
set of simulations. Given lifetime income 
and consumption streams, the lifetime sav- 
ing and net worth paths are calculated for 


each age group. The saving paths are con- . 


strained such that the individual’s net worth 
at time of death is‘zero. (This results from 


7 Although the life expectancy of twenty-year olds in 
1959-61 was only 71.8, the life expectancy of forty- 
year olds in that period was 74.4. Further, the use of 
sixty-five as the retirement age is more realistic than 
sixty since the labor force participation rate in 1960 
was 85.2 percent for males between fifty-five and 


-" sixty-five years of age and 32.2 percent for males 


sixty-five and over. (See U.S. Bureau of Census, 
Statistical Abstract, 1973, p. 57, and 1975, p. 44.) 

8Disposable personal income figures are from the 
Survey of Current Business. 


% 
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TABLE |—-SIMULATED AGGREGATE SAVING 
(Income and Consumption Constant) 
Interest Rate 
Year Actual Saving@ —.03 .00 03 05 07 
1953 61.4 17.6 15.5 11.9 9.5 7.5 
1959 72.3 30.4 28.9 25.0 21.9 18.9 
1964 91.7 34.1 31.8 27.2 23.7 20.5 


2 All figures are in billions of 1958 dollars. The saving figure for 1953 is from 
Raymond W. Goldsmith, et al., p. 361. The saving figures for 1959 and 1964 are from 
Board of Governors of the Federal Reserve System, p. 2, The saving figure includes 
gross purchases of consumer durable goods, and thus is not the same personal 
saving concept reported by the Department of Commerce. The details are outlined 


in the cited sources. 


the model’s assumption of no bequests.) At 
any point in time t during the individual’s 
economic life, the individual’s net worth 
and current saving are given by equations 
(8) and (9), respectively. In order to calcu- 
late aggregate personal saving (using equa- 
tion (10)), the actual age distribution and 
population size for the year in question are 
used, Thus, the mechanics of the simula- 
tions are derived directly and exclusively 
(except for the lengthened earning span) 
from the original assumptions of the model. 


B. Aggregate Saving Explained by 
the Original Model 


The first set of simulations presented 
here employs the original assumptions of 
the model with only slight modification. 
That is, these simulations assume that de- 
sired. consumption paths are horizontal,’ 
everyone in the earning span receives the 
same earned income, and earned income is 
constant over the individual’s earning span. 
The results are given in Table 1. The nega- 
tive rate of.interest is used for the sake of 
completeness, It has been suggested that in 
inflationary periods, the average saver, 
holding much of his portfolio in fixed 


32Ando and Modigliani assume that the consumer 
“plans to consume his total resources evenly over the 
remainder of his life span” (1963, p. 59). However, 
using equation (7), this is equivalent to the assumption 
that the rate of pure time preference is equal to the real 
rate of interest, 


nominal valued assets, might experience a 
negative real return on his assets. It is clear 
that the life cycle model in its purest form 
does not explain the totality of aggregate 
household saving. For every rate of interest, 
the results fall substantially short of the 
actual levels observed. This is true for each 
of the three years independent of the busi- 
ness phase represented by the year. 


C. Sensitivity of the Model to 
Changes in Assumptions 


The authors of the life cycle model claim 
that their assumptions regarding lifetime 
income and consumption paths are not es- 
sential to the model. The remaining simula- 
tions in this paper test a wide variety of 
desired consumption paths and income 
streams to determine the degree to which 
the results of this original set of simulations 
depend upon the model’s original assump- 
tions. It will be seen that changes in the as- 
sumptions generally lead to lower, rather 
than higher, simulated saving figures. 
1, Increasing Income X 

The next set of simulations calculates the 
level of saving suggested by the model when 
the individual’s income stream is upward 
sloping. Specifically, income is assumed to 
increase by the same dollar amount each 
year from age twenty to fifty-four and then 
to remain constant until retirement. This 
shape for the lifetime income stream is sup- 
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TABLE 2—SIMULATED AGGREGATE SAVING 
(Linearly Increasing Income and Constant Consumption Paths} 











Interest Rate 








Year Actual Saving? ~.03 .00 03 .05 07 
1953 61.4 4.9 —3.6 — 11.0 -143 -16.1 
1959 72.3 24.3 14.1 3.5 —2.2 —6.2 
1964 51.7 24.9 14.4 3.6 —2.0 —6.1 
*See Table 1. 
ported by data from surveys of family in- 2. Families 


come. (For example, see Harold Lydall, 
p. 143, and Dorothy Projector, p. 15.) As- 
suming that twenty-year olds received the 
average of the income earned by those be- 
tween fourteen and twenty-four in the years 
in question,’ and then constraining the 
equation to assure that the aggregate in- 
come calculated in this manner will be 
equal to the actual aggregate disposable 
income in each of the years in question, 
income can be calculated for the individual 
at each age in his earning span using: 


Yi = Yo + h(age; — 20) 
where hk = a constant 
age; = age in year i for i < 54 and 


54 for 54 < i < 64 


In these simulations, the consumption. path 
again is assumed to be horizontal. The re- 
sults are presented in Table 2. The values 
of aggregate household saving were reduced 
(some even became negative!) by the intro- 
duction of an upward-sloping lifetime in- 
come stream. These lower values of saving 
result from the net debtor position of the 
younger people in the simulated econ- 
omy. In anticipation of higher future in- 
comes, these people consume more than 
they earn when they are young in order to 
maintain a constant consumption path over 
their lifetimes. 


Income figures for the fourteen to twenty-four- 
year age bracket are from U.S. Bureau of the Census, 
Technical Report No. 17, Trends in the Income of 
Families in the U.S., 1947-1964. 


It appears that Malcolm Fisher was the 
first to call attention to the absence of 
families in the life cycle model: “As pre- 
sented, the theory might be described as 
the bachelor theory of saving” (p. 224). In 
reality, the average household size does not 
remain constant over its lifetime. In gen- 
eral, the family size increases as the head 
of the household grows older until about 
middle age, usually due to the growing 
number of children in the household. By 
the time the head of the household reaches 
middle age, children start to leave home 
and the family size diminishes. Therefore, 
it is not realistic to impute a desire for a 
constant level of consumption to house- 
holds. In order to incorporate changes in 
family size in calculating the optimal life- 
time consumption, the lifetime budget con- 
straint must be changed to incorporate 
family size. 


T T 
(3’) 2 ce fi + ryi-t = 2 y(i +r l—-¢ 


consumption per person equiv- 
alent in the ith year of the eco- 
nomic life of the head of the 
household 

= number of people in the house- 
hold during the ith year of the 
economic life of the head of the 
household 

number of years'in the eco- 
nomic life of the head of the 
household 


where c? = 


Using consumption per person equivalent 
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TABLE 3—SIMULATED AGGREGATE SAVING 


(Linearly Increasing Income and Consumption Related to Family Size) 














Interest Rate 








Year Actual Saving ê — .03 00 03 05 .07 

1953 61.4 -6.1 — 13.6 — 18.4 — 19.7 — 20.0 
1959 72.3 1.7 —8.2 -14.6 -16.8 -17.7 
1964 91.7 3 —9.7 -15.8 -17.7 — 18.4 








*See Table 1. 


in the utility function of the head of house- 
hold, in a manner analogous to the proce- 
dure used above, 


&-1)/d 
(T) neth ea aa h, 
l+p 











T 
DDA 0 S + rit 
where cf = — 7 aa 
+ i- 3 
1 l-i 
zl + z) EEN 


Since the data on f; are given for families, 
the number of unrelated individuals in each 
group is subtracted out of the number of 
individuals for each age group. Consump- 
tion and saving for single individuals are 
calculated in the same manner as before. 
The remaining people in each age group are 
assumed to be married to people of their 
own age and to have children or other de- 
pendents. The profile of the number of 
people in each family over the lifetime is 
the same for all families. Ideally, one would 
like to assign to each cohort of families the 
number of children expected by that cohort 
to reflect the fact that the size of the aver- 
age family has changed over time. How- 
ever, since these data are not available, the 
1955, 1959, and 1964 cross-section profiles 
of families are used to represent the in- 
dividual family’s lifetime profile.” 

Admittedly, such a procedure might lead 
to erroneous results. However, it might be 
justified in this situation since such a profile 
should render a better estimate of the situa- 

These data are taken from U.S. Bureau of the 


Census, Current Population Report, Series P-20, 1956; 
1960; 1965. 


tion than the previously assumed constant 
level of consumption. Similarly, it is prob- 
ably unrealistic to assume that unrelated in- 
dividuals have always been and always plan 
to be unrelated individuals or to assume 
that they plan their consumption in the 
same way as a person who plans to be 
single over his entire economic life. How- 
ever, this is exactly what the original life 
cycle model assumed for all individuals. 
Thus, although imperfect, perhaps this 
analysis brings us a step closer to reality. 

The results of the simulations are given in 
Table 3. The lifetime income stream is the 
same as the one used in the previous set of 
simulations. The impact of family size is 
seen to be a decrease in aggregate house- 
hold saving. For a given level of resources, 
lifetime consumption per capita must di- 
minish when children are added. More is 
consumed during the years before retire- 
ment due to the larger family size, and 
therefore less can be saved for retirement 
years. Thus, the addition of the realism of 
families does not render the model better 
able to explain observed saving; on the con- 
trary, the amount of saving explained de- 
creases, 


3. Exponentially Growing Income 

The use of cross-section observations of 
income related to age to approximate an in- 
dividual’s lifetime income ignores the gen- 
eral growth in productivity which increases 
an individual’s income independently of his 
age. Therefore, the next set of simulations 
assumes that the individual’s income grows 
exponentially, rather than linearly, over his 
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TABLE 4—SIMULATED AGGREGATE SAVING 
(Income Increasing Exponentially and Consumption Related to Family Size) 














Interest Rate 











Year Actual Saving? —.03 .00 .03 05 07 
Growth Rate of Income = .03 

1953 61.4 -7.0 —-12.7 —15.8 ~ 16.4 ~ 16.1 
1959 72.3 —1.4 -9.7 —14.6 -15.9 —16.1 
1964 91.7 -13 —9.8 —14.5 - 15.6 —15.8 
Growth Rate of Income = .04 

1953 61.4 —13.0 —19.4 —22.4 —22.7 —22.0 
1959 72.3 —6.8 — 16.2 ~21.3 —22.4 -23.3 
1964 91.7 —6.8 — 16,3 ~21.0 —21.9 .—21.7 





a See Table 1. 


earning span. The inclusion of families 
remains. Again, the income received by in- 
dividuals of age twenty is constrained to 
make aggregate income in the simulations 
equal to the observed aggregate disposable 
personal income in each of the three years. 
The results of these simulations are given 
in Table 4. This change in the shape of the 
individual’s income stream does not affect 
the general result of negative saving result- 
ing from an upward sloping income stream 
and from a constant per person consump- 
tion stream. Heavy borrowing in the house- 
hold’s early years keeps it in a net debtor 
position until the head of household is in 
his late fifties or early sixties. 


4. Increasing Per Capita Consumption 

The assumption that desired consump- 
tion per person equivalent is constant over 
the individual’s or household’s lifetime 
implies that the individual’s rate of pure 
time preference is equal to the rate of in- 
terest. From equations (7) and (7'), it is 
clear that the sign of the rate of growth in 
per capita consumption along the optimal 
- consumption path is determined solely by 
the relationship between the rate of time 
preference and the rate of interest: if the 
rate of time preference is less than (greater 
than) the rate of interest, optimal per capita 
consumption will increase (decrease) over 
time. Now let us assume that the individual 
wishes to have an upward-sloping con- 
sumption path. In Keynes’ words, “‘it grati- 


fies a common instinct to look forward to a 
gradually improving standard of life rather 
than the contrary, even though the capacity 
for enjoyment may be diminishing” (p. 108). 

Given that individuals might desire an 
upward-sloping consumption path, what 
are reasonable rates of growth for desired 
consumption? It has been demonstrated 
elsewhere (see the author, pp. 63-65) that, 
for reasonable values of the consumption 
elasticity of marginal utility (—d in equa- 
tions (7) and.(7’)), rates of growth in con- 
sumption which are greater than the rate 
of interest generally imply negative rates 
of time preference. Negative rates of time 
preference imply that individuals are willing 
to forego a unit of current utility in return 
for less than a unit of future utility, that 
the present satisfaction derived from future 
consumption increases the further that con- 
sumption is into the future. Therefore, it 
seems most reasonable that cases of nega- 
tive rates of time preference be omitted 
from consideration. 

Table 5. presents the simulated values of 
aggregate personal saving for exponentially 
growing per person equivalent consump- 
tion for reasonable parametric values. In- 
come grows exponentially as in the previous 
simulations. The implied rates of pure time 
preference are given for the special case of a 
logarithmic utility function (d = 1). For 
rates of growth of consumption less than 
.07, the values of saving are considerably 
below the actual values in each of the three 
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Interest Rate 











—.03 .00 .03 .05 .07 
I. Growth Rate of Income = .03 
a. Consumption Growth = —.03 
Implied time preference .000 031 .062 082 103 
1953 —31.9 — 34.2 ~32.4 —30.1 —27.5 
1959 -274 -31.7 —31.4 —29.9 -27.9 
1964 — 30.8 — 33.2 —31.6 —29.5 —27.3 
b. Consumption Growth = .00 . 
Implied time preference .000 .030 050 .070 
~ 1953 -12.7 ~15.8 ~- 16.4 -16.1 
1959 —9.7 — 14.6 -15.9 — 16.1 
1964. —9.8 -14.5 —15.6 —15.8 
c. Consumption Growth = .03 
Implied time preference .000 .019 039 
1953 9.5 7.5 5.8 
1959 16.8 13.5 10.9 
1964 16.2 12.4 9.5 
d. Consumption Growth = .05 
Implied time preference .000 019 
1953 29.0 28.0 
1959 44.2 42.2 
1964 41.8 38.9 
e. Consumption Growth = .07 
Implied time preference .000 
1953 56.4 
1959 86.7 
1964 80.9 
Il. Growth Rate of Income = .04 
a. Consumption Growth = —.03 
Implied time preference 000 031 062 082 .103 
1953 —39.5 —41.4 —38.7 -35.7 — 32.5 
1959 — 34.2 —38.5 —37.6 — 35.6 —33.0 
1964 — 38.0 —40.0 ~ 37.6 — 35.0 —32.2 
b. Consumption Growth = .00 
Implied time preference .000 .030 .050 070 
1953 ~19.4 —22.4 —22.7 — 22.0 
1959 — 16.2 —21.3 — 22.4 — 22.3 
1964 — 16.3 —21.0 -21.9 -21.7 
c. Consumption Growth = .03 
a Implied time preference .000 019 039 
1953 2.2 —.1 =1.8 
1959 9.2 5.3 2.5 
1964 8.7 4.4 1.4 
d. Consumption Growth = .05 
Implied time preference .000 019 
1953 20.3 18.7 
1959 34.3 31.2 
1964 32.1 28.3 
e. Consumption Growth = .07 
Implied time preference -000 
1953 44.8 
1959 71.9 
1964 66.6 





Note: Savings figures in billions of 1958 dollars. 
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years. In fact, for rates of growth below .03, 
aggregate saving is negative. Once again, 
when the growth rate in consumption is less 
than the growth rate in income, borrowing 
by the young in anticipation of higher 
future incomes leads to an overall nega- 
tive level of saving. 

The simulation using .07 for the growth 
rate in consumption renders good estimates 
of the 1953 saving when the growth rate in 
income is .03 and of the 1959 saving when 
the growth rate in income is .04. However, 
the estimates for all but one of the other 
years are too small. The exception is the 
year 1959, when income is growing at a rate 
of .03. In this case, the simulated value is 20 
percent higher than the actual value. Thus, 
the simulations using this set of parameters 
are not consistent over the three years in 
their ability to account fer aggregate sav- 
ing. Furthermore, the use of a .07 growth 
rate in consumption is presented here for 
the sake of completeness, not for the sake of 
realism. A .07 rate of growth in desired 
consumption implies the real consumption 
services enjoyed at the end of life are 38.6 
times as great as the real consumption ser- 
vices enjoyed at the beginning of the eco- 
nomic life, and this is clearly not repre- 
sentative of households in the United States 
during the period covered. In conclusion, 
then, the use of exponentially growing in- 
come and consumption does not render the 
simulation more effective in accounting for 
observed aggregate household saving. 


5. Age-Related Income Streams 

Thus far, it has been assumed that in- 
come and consumption streams of all in- 
dividuals are identical. The last step toward 
realism to be taken in this paper makes the 
individual’s income stream, and thus his 
consumption stream, dependent upon the 
calendar year in which he begins his eco- 
nomic life (the year in which he has his 
twentieth birthday). An individual’s life- 
time income stream will now explicitly re- 
flect both secular (exponential) growth in 
income and growth in income resulting 
from the individual’s accumulation of ex- 
perience and expertise in his job. The cross- 
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section profile of median incomes for differ- 
ent age groups in the three years under 
consideration were used to reflect the 
growth in income due to increases in ex- 
perience and expertise.’ For each individ- 
ual the lifetime income stream is calculated 
by applying an exponential growth factor to 
this income profile to reflect the calendar 
year during which the individual reaches 
each age. This procedure makes the simula- 
tions more realistic in that it takes into con- 
sideration the fact that the lifetime real 
income of current old people is less than the 
lifetime real income of current young people 
and that therefore the lifetime saving will be 
different for the two age groups. Once 
again, the income profiles are constrained 
so that aggregate income in the simulations 
is equal to the actual level of income. The 
consumption paths of the individual are 
determined in the same way as in the pre- 
vious set of simulations: family size is taken 
into consideration and optimal per person 
equivalent consumption grows exponen- 
tially. 

The results of this last set of simulations 
are given in Table 6. The unrealistic rate of 
growth in consumption of .07 and the nega- 
tive rate of interest are omitted as param- 
eters as they do not add useful informa- 
tion. A lower exponential rate of growth in 
income is considered because the increase 
in income resulting from age now is cal- 
culated directly in the simulations. That is, 
the exponential rate of growth no longer 
subsumes both types of growth in the in- 
dividual’s income as it did in the simula- 
tions represented by Tables 4 and 5. 

As might be expected, this set of simula- 
tions renders significantly higher levels of 
aggregate saving (when saving is positive) 
than the previous set of simulations. This 
is to be expected because now the retired 
people are dissaving less on average each 
year than the savers are saving. That is, the 
younger population looks forward to a 
higher level of lifetime consumption than 


!2Median income figures are from U.S. Bureau of 
the Census, Current Population Report, Series P-60, 
1955; 1961; 1965. 
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TABLE 6—SIMULATED AGGREGATE PERSONAL SAVING 
~~ (Income Stream Affected by Age and Secular Income Growth; Consumption Increasing Exponentially; d = 1) 


Interest Rate 








00 .03 .05 07 
I. Exponential Growth Factor = 1.02 
a. Consumption Growth = .00 
Implied time preference 000 .030 .050 .070 
1953 -7.2 -16.1 —19.5 -24i 
1959 -14.0 —23.1 ~25.9 —26.9 
1964 —23.3 —32.5 - 34.9 —35.2 
b. Consumption Growth = .03 
Implied time preference -000 .019 039 
1953 38.7 32.1 25.8 
1959 38.7 31.0 24.3 
1964 38.0 29.1 - 21.6 
c. Consumption Growth = .05 
Implied time preference .000 019 
1953 75.5 70.4 
1959 83.1 76.5 
1964 87.0 78.8 
Il. Exponential Growth Factor = 1.03 
a. Consumption Growth = .00 7 
Implied time preference .000 .030 .050 .070 
1953 — 29.3 — 39.4 ~42.0 -42.1 
1959 — 43.6 —52.5 -53.7 -52.5 
1964 — 60.7 —69.0 —69.1 —66.5 
b. Consumption Growth = .03 
p Implied time preference .000 .019 .039 
1953 29.1 20.4 12.9 
1959 23.6 14.1 6.5 
1964 20.1 9.2 4 
c. Consumption Growth = .05 
Implied time preference .000 O19 
1953 71.5 63.8 
1959 73.6 64.3 
1964 77.2 66.0 
HI. Exponential Growth Factor = 1.04 
a. Consumption Growth = .00 - 
Implied time preference .000 .030 .050 070 
1953 ~62.2 -71.9 -72.3 —69.8 
1959 -85.9 —92.7 —90.6 -85.7 
1964 ~ 114.3 —119.0 —114.6 — 107.2 
_- b. Consumption Growth = .03 
Implied time preference .000 019 039 
1953 11.6 1.2 -6.8 
1959 —.4 -11.2 -18.7 
1964 —9.2 —21.3 -29.3 
‘c. Consumption Growth = .05 
Implied time preference .000 019 
1953 59.9 49.8 
1959 56.0 44.4 
1964 56.9 43.3 
Observed Aggregate Personal Saving” 
1953 61.4 
1959 72.3 
1964 91.7 











*See Table |. 
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the older population experienced. Accord- 
ingly, saving by the young will be greater 
(when it is positive) in order to sustain a 
higher level of retirement consumption than 
the current retirees enjoy. 
As in the previous set of simulations, the 
higher the rate of growth in consumption is 
. relative to the rate of growth in income, 
the higher is the simulated value of saving. 
In particular, when consumption grows at a 
rate of 5 percent per annum and income 
grows at a rate of 2 or 3 percent, the simu- 
lations render apparently reasonable levels 
of saving given the crudeness of the simula- 
tions. However, upon further investigation, 
the acceptability of these values diminishes. 
The values of aggregate saving do not seem 
to differ greatly among the three years for 
any rate of interest. The widest range in 
values is exhibited in case Ic, when the in- 
terest rate is .05. Whereas observed saving 
increased 49.3 percent over the period 
1953-64, the simulated values in case Ic 
imply an increase of only 15.2 percent. 
Extrapolating into the future (beyond 1964) 
or into the past (before 1953) suggests that 
the simulated values are unsatisfactory. 


D. Other Micro Foundations 


In the introduction to this paper, it was 
claimed that the results of this empirical 
investigation are strong enough to preclude 
using other micro foundations (utility func- 
tions) in the context of a life cycle model. 
That is, one might conclude from the anal- 
ysis above that the utility function assumed 
by the authors of the life cycle is at fault. 
However, this is not the case. Given the 
budget constraint, the utility function pre- 
scribes the optimal consumption path. 
Figure 1 presents a schematic representa- 
tion of the shapes of the consumption paths 
employed in the simulations above. Al- 
though these paths do not represent every 
possible consumption path, they certainly 
do encompass all the reasonable and many 
of the unreasonable paths possible. The use 
of a different utility function would merely 
change the analysis to the extent that it 
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FIGURE l. LIFETIME CONSUMPTION PATHS USED IN 
THE SIMULATIONS 


changes the shape of the optimal consump- 
tion path. Given that such a variety of 
shapes are used in this analysis, the use of 
an alternative utility function would not 
change the general results of these simula- 
tions. 


HI. Conclusion 


It is now clear that the use of aggregate 
disposable income, which overestimates the 
appropriate variable (aggregate disposable 
labor income) and biases the simulations 
upward, does not vitiate the results of these 
simulations. On the contrary, the use of the 
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appropriate concept of income would 
merely reduce the simulated values and re- 
inforce the conclusion drawn here. 

In this paper, the life cycle model has 
been used to simulate values of aggregate 
saving. In its original form, the model is 
found lacking, accounting for, at best, 42 
percent of observed personal saving. The 
inclusion of families and upward sloping 
lifetime income streams reduces the simu- 
lated values of aggregate saving. The use of 
age-related upward-sloping income streams 
decreases the simulated values if they were 
previously negative and increases the pre- 
viously positive levels of simulated saving. 
Nevertheless, the model is still lacking in its 
ability to explain aggregate personal saving 
for all three years in question, and the use 
of a different utility function would not im- 
prove the model’s explanatory ability. 

One might argue that the model would 
render higher levels of aggregate saving if 
it incorporated bequests which result from 
uncertainty of time of death. However, the 
act of transferring net worth from one in- 


_ dividual to another within the private sector 


does not represent an increase in personal 
income in the national income accounts; the 
transfer of assets from one individual to an- 
other does not represent an act of saving. 
Aggregate saving will increase as a result of 
bequests if the beneficiary saves a greater 
proportion of his unearned income than did 
his benefactor. However, the level of such 
saving is not likely to account for the large 
differentials between actual saving and the 
simulated values presented here. 

One might also argue that the assump- 
tion of certainty of time of death renders 
the simulated values of saving artificially 
low. That is, because individuals do not 
know when they will die, they will save to 
provide for the contingency of living be- 
yond the expected age of death given in life 
expectancy tables. It has been demonstrated 
elsewhere that the effects of uncertainty of 
time of death are not unambiguous. How- 
ever, it also has been demonstrated that the 
life cycle model with uncertainty of time of 
death and a capital constraint prohibiting 
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individuals from assuming a net debtor 

position is deficient in explaining aggregate 

personal saving. (See the author, ch. 5.) 
APPENDIX 


Summary of Mathematical Notation 


C = aggregate consumption 


Y = aggregate income 
A = aggregate net worth 
bi, b, = regression coefficients 
U = lifetime utility function 
u(c;) = utility in period i derived from con- 
suming c; 
T = years in the individual’s economic 
life 


c; = flow of consumption services en- 
joyed by an individual in period i 

= rate of pure time preference 

= elasticity of marginal utility with 
respect to consumption 

= years remaining in the jth individ- 
ual’s economic life 

= individual’s earned income 

= real rate of return 

= individual’s net worth 

= population size 

= individual saving 

aggregate saving 

= aconstant 

number of people in the household 


N 


Se Hu DANS 
1l 
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Vertical Integration: ‘The Monopsony Case 


By MARTIN K. PERRY* 


If a firm behaves imperfectly in a mar- 
ket, then vertical integration through that 
market will generally alter the circum- 
stances upon which its production choices 
are based. However, the only case that has 
been adequately discussed is that of a 
monopolist integrating forward into a com- 
petitive downstream industry which em- 

- ploys the monopolist’s intermediate prod- 
uct in variable proportions with other 
inputs.! The primary difficulty in making a 
complete analysis of vertical integration by 
imperfectly competitive firms (including 
monopoly) is in defining a workable con- 
cept of forward or backward integration. 
In this paper, I propose a definition of 
backward integration which enables a sub- 
stantial improvement of our insight into 
backward integration by imperfectly com- 
petitive buyers.? The case of monopsony 

„ is then analyzed in depth.’ 

The traditional measure of backward 
integration by a firm is the ratio of its own 
production of an intermediate input to its 


*Research economist, Bell Laboratories. This paper 
is based upon my doctoral dissertation. The thesis it- 
self was nurtured by my advisor, A. Michael Spence, 
and readers, James N. Rosse and Bruce M. Owen. 
This paper also benefited from comments by Dennis 
W. Carlton, Elizabeth E. Bailey, Frederick R. Warren- 
Boulton and my colleagues at Bell Laboratories: 
Robert D. Willig, John C. Panzar, Eric B. Lindenberg, 

~and Paul S. Brandon. This paper represents my own 
views and assumptions, not necessarily those of the 
Bell System. 

!Monopoly pricing of the intermediate product in- 
duces inefficient substitution away from this input in 
the production of the final good by the downstream in- 
dustry. The resulting efficiency loss creates an incentive 
for the monopolist to integrate forward. By producing 
the final good itself, the monopolist can employ its in- 
put efficiently with the other inputs and thereby in- 
crease profits. See the papers by Lionel McKenzie, 
Meyer Burstein, John Vernon and Daniel Graham, 
Richard Schmalensee, George Hay, and Frederick 
Warren-Boulton. 

2In a similar manner, we can define forward inte- 
gration in order to examine such by imperfectly com- 
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total employment of the input. Although 
empirically useful, such a measure defines 
vertical integration as the resolution of the 
firm’s production decisions. Instead, I pro- 
pose a measure of backward integration 
which is independent of the production de- 
cisions made by an imperfectly competitive 
buyer. This measure allows us to examine 
the impact of backward integration on a 
monopsonist’s choices of input production 
and employment. Furthermore, partial in- 
tegration becomes well-defined. Thus, at 
each degree of integration we can consider 
the welfare implications of and incentives 
for further backward integration by an im- 
perfectly competitive buyer. 

We obtain three results for the monop- 
sony case. First, further backward integra- 
tion will generally, but not always, induce 
the monopsonist to expand its employment 
of the input. If integration induces an ex- 
pansion of input employment, then con- 
sumers of the monopsonist’s product will 
benefit from lower final prices. Second, fur- 
ther backward integration reduces the 
rental earnings of the remaining indepen- 
dent suppliers of the input. This occurs 
because the monopsonist reduces its pur- 
chases from these suppliers more rapidly 
than it integrates. Finally, for reasonable 
specifications of the acquisition costs of 
backward integration, the monopsonist has 
an incentive to integrate backward at least 
partially. However, this incentive is com- 
posed of more than the usual efficiency 
gains. Backward integration also enables 
the monopsonist to reduce the rent com- 
ponent of its input costs. 


petitive sellers. The monopoly case is reconsidered in 
my dissertation, ch. 6. 

3Backward integration by a dominant buyer and by 
Cournot duopsonists has also been considered in my 
dissertation, chs. 4 and 5, respectively. These cases 
are more difficult and less illustrative. However, they 
do involve some interesting modifications. 
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I. The Structure of. Input Supply 


‘Assume that the monopsonist is the sole 
buyer of an input produced by competitive 
suppliers. Suppose also that the monopsonist 
must set a single market price for input pur- 
chases, that is, explicit price discrimination 
is not feasible. In general, integration by the 
monopsonist would be a discrete process of 
acquiring individual suppliers. In addition, 
if there were differences among the suppliers, 
it would also be necessary to specify which 
firms were acquired and which were not.’ 
Thus, in order to simplify the process of 
backward integration, we assume. instead 
that the competitive supply industry is char- 
acterized by “Ricardian” increasing costs, 
as defined by Jacob Viner, pp. 206-10. Pro- 
duction of the input obeys constant returns 
to scale throughout, but its supply price is 
rising because of the limited availability of a 
specialized factor. With this construction 
we can suppress the identity of input sup- 
pliers and continuously partition the in- 


dustry supply into integrated and non- 


integrated segments. 

Assume that the variable factors are avail- 
able at given prices to this industry. Let 
C(U) be the minimum variable cost neces- 
sary for the industry to produce Ù units of 
the input;> C(U) does not include rents to 
the limited factor. With no external tech- 
nological economies or diseconomies, the 
industry’s marginal variabie cost @ (U) is 
the supply curve for the input.° Because of 
the limited factor, marginal variable costs 
should rise as the industry produces more 
of the input. Thus, we also specify that the 
supply price of the input is strictly rising, 
i.e., © (U) > Ofor U> 0, 

We can now define the variable cost func- 
tion for any subset of input suppliers. Let $ 
be a fraction of the total quantity of the 


4Integration could then enable implicit. price dis- 
crimination similar to the case of forward integration 
by a monopolist. See the author (1978). 

5Let @(V) also be thrice contiruously differentiable 
on'D > 0. Clearly, € (0) = O and C(V) > 0 for V > 0. 

6Subscripts denote full or part:al derivatives, while 
superscripts are employed for enumeration. Let 
©, (0) > Oand ©, (U) > 0 for Ù > 0. 
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limited factor, and denote the variable cost 
function by C(V,S). Since there are con- 
stant returns to scale in the production of 
the input, the cost of producing V units of 
the input using S of the limited factor must 
be the fraction S of the cost of producing 
V/S units of the input with all of the limited 
factor: 
(ia) C(V,S) = S-C(V/S) 

for 0<S< 1 


For S = 1/2, producing V with half the 
limited factor is half as costly as producing 
twice V with all of the limited factor. In 
other words, C(V,S) is linearly homo- 
geneous in its arguments.’ 

The required specification of C(V,S) be- 
comes more apparent upon examining the 
marginal cost function 


(b) C,(V,S) = €,(V/S) 
for 0.< S <1 


C\(V,S) is the supply curve of firms 
possessing S of the limited factor. It is 
equivalent to the industry supply curve 
shifted horizontally by the fraction S (see 


` Figure 1). In other words, the industry sup- 


ply curve can be continuously and hori- 
zontally partitioned into supply curves of 
firms owning fractions of the limited factor.’ 
If there are a large number of suppliers each 
owning an equal fraction of the limited fac- 


7The definition of C(V, S) can be illustrated for the 
special case where production of the input requires the 
limited factor N and one variable factor L. Let Ñ be 
the total quantity of the limited factor and let W = 1 
be the price of the variable factor. Assume that the 
production function F(N, L) is thrice continuously dif- 
ferentiable, with positive but strictly diminishing re- 
turns to each factor, strictly declining marginal rates 
of substitution between the factors, and linear 
homogeneity. As a result, C(V,S) can be implicitly 
defined by the expression V = F(S:N,C(¥,S)) for 
0< S< 1. Clearly, Q(V) = C(V, 1). 

8The structure assumed on input supply is not as re- 
Strictive as it might seem. Suppose that the input 
supply were rising solely because of pecuniary external 
diseconomies (rising supply price of some factor) so 
that no rents were being earned. By costlessly inte- 
grating this industry, the monopsonist would be one 
step closer to the industry in which the rising supply 


% 
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tor, then we can discuss backward integra- 
tion as acquiring a fraction of the firms in 
the industry. We adopt this convention for 
the remainder of the exposition. 

Let à be the fraction of the input suppliers 
acquired by the monopsonist. For these 
subsidiaries, the marginal cost of internal 
production of the input is C,(V,A) for 
A > 0.’ On the other hand, since (1 — A) is 
the fraction of the firms remaining indepen- 
dent, C,(V,1 — A) for 1 — A > 0 is the ex- 
ternal supply curve of the input. I define À 
as the degree of backward integration. Dis- 
integration (A = 0), partial integration 
(0 <A < 1), and full integration (A = 1) are 
now well defined, independent from the 
actual production and employment choices 
of the monopsonist. 

With this structure, we can examine the 
monopsonist’s choices of internal produc- 
tion, external purchase, and thus total em- 
ployment of the input. These choices depend 





price was due to a limited factor earning rents. The 
best example of a limited factor is land which is fixed 
in quantity and specialized either by composition or 
climate to the production of a particular crop. Other 
limited factors might include natural resources such 
as mineral ores or human resources such as talent. 

>This construction rules out economies or disecono- 
mies of backward integration. 
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upon the degree of integration since À de- 
termines the partition of input supply into 
integrated and nonintegrated segments. We 
can then examine the monopsonist’s incen- 
tive to integrate backward. The results are 
derived from the properties of the variable 
cost function C(V,S). The structure on the 
input supply C(U) endows C(V,S) with 
thrice continuous differentiability and the 
following properties: 


(2a) C,(V,S) > 0,C,,(V,S) > 0 
(2b) €,(V,S) < 0, C,(V,S) > 0 
(2c) C(V,S) = Cy(V,S) < 0 

for V>0O and 
(2d) C(V,S) linearly homogeneous 


Note that C,(V,S) and C,(V,S) are ho- 
mogeneous of degree zero and that the 
second partial derivatives are homogeneous 


- of degree minus one. 


II. The Monopsonist’s Input Employment Choice 


With C(V,S), we can now specify the 
monopsonist’s expenditures in obtaining a 
quantity X > 0 of the input at each degree 
of integration. After doing so, we construct 
the monopsonist’s derived demand for the 
input. The monopsonist’s input employ- 
ment at each degree of integration is then 
examined. 

Let X, > 0 be the quantity of the input 
purchased from independents, and X, = 
X — X, > 0 be the quantity of input pro- 
duction by the monopsonist’s subsidiaries. 
The monopsonist’s expenditures can then 
be expressed as 


(3) E(X, Xa N) = C(X — Xea N) 
+ Xe CXe 1 ~ À) 
0<A<1 


The monopsonist will choose its level of in- 
put purchases so as to minimize expendi- 
tures at each level of input employment and 
each degree of integration. This requires the 
monopsonist to equate the marginal ex- 
penditure from the two input sources: 
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(4) CX E Xe A) = CX, 1 = A) 
+ Xe Cy (X,,1 — A) 


for O0O<rA<1 and X¥>0 


Note that the monopsonist’s marginal ex- 
penditure on input purchases exceeds the 
marginal production cost by the increment 
in rents on inframarginal purchases. As- 
suming the second-order condition is satis- 
fied, expression (4) defines the input pur- 
chases function X,(X,A); it is continuously 
differentiable on ¥ > OandO < À < 1." 

The monopsonist’s minimized expenditure 
function can now be defined solely in terms 
of the quantity of input employed and the 
degree of integration: 


(5a) E(X,0) = X-C,(X,1) 
(5b) E(X, N) = C(X — X,(X,),A) 

+ X,(X,d)- C(X,(X,d), 1- A) 
for O<A< 1, and 
(Sc) E(X,1) = C(X,1) 


If the monopsonist is disintegrated, A = 0, 
its expenditures are entirely purchase costs, 
whereas if the monopsonist is fully inte- 
grated, A = 1, its expenditures are entirely 
production costs. However, if the mo- 
nopsonist is partially integrated, 0 < A < 1, 
then expenditure minimization implies that 
both types of costs will be incurred, i.e., 0 < 
X.(X, A) < X." f 

Expenditure minimization by the partially 
integrated monopsonist implies an inefficient 
production of the input. This is a conse- 
quence of monopsony behavior with respect 
to only the input supply by independents. 
Input production per firm is higher for the 
monopsonist’s subsidiaries than for inde- 
pendent suppliers. This fact is easily derived 
from the expenditure minimization condi- 
tion. Using the facts that C,,(V,S) > 0 and 
C,(V,S) is homogeneous of degree zero, (4) 


Note that X,(0,A) = 0, X,(¥,0) = X, and 
X,{X, 1) = 0. For the second-order condition to be 
violated, it is necessary but not sufficient that the mar- 
ginal expenditure on input purchases be a declining 
function of the level of those purchases over some 
range (see my dissertation, p, 30). 

USee my dissertation Appendix 2.2. 
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implies that 
X — X (X,)) X (X, A) 
(6) À 1-A 
for O<A<1 


The monopsonist’s subsidiaries are utilized 
more intensively than independents. This 
inefficiency in the production of the input 
under partial integration is borne jointly 
by the monopsonist (lower profits) and the 
independents (lower rents). Thus, it is con- 
ceptually distinct from our primary con- 
cern with the inefficient employment of the 
input which adversely affects consumers. 

Having specified the monopsonist’s ex- 
penditures in obtaining the input, we need 
only characterize the monopsonist’s revenue 
from employing the input in order to de- 
termine the profit-maximizing level of input 
employment at each degree of integration. 
Let NR(X) be the net revenue attributable 
to the monopsonist’s employment of X of 
the input. This is the revenue from sales of 
the output produced with X of this input 
and the profit-maximizing levels of other in- 
puts (obtainable at given prices) minus the 
expenditures on these other inputs. Assume 
NR(X) is a well-defined, twice continuously 
differentiable function on X > 0. The mar- 
ginal net revenue function MNR(X) > 0 is 
the monopsonist’s inverse derived demand 
for the input. As a result of decreasing re- 
turns to scale in the production of the final 
good and/or downward-sloping final de- 
mand, assume that the inverse derived de- 
mand function is nonincreasing i.e., 
MNR,(X) < 0.2 

Assuming that the monopsonist is ini- 
tially disintegrated, the rents earned by the 
input suppliers prevent the monopsonist 
from integrating costlessly. Define A(A) as 
the acquisition cost to the monopsonist of 
obtaining À of the suppliers. These costs are 
previously agreed upon payments to the 
former suppliers. For this reason they are 


12There are no special restrictions on the production 
function of the final good or the state of final market 
competition. We require only that the monopsonist’s 
inverse derived demand function be continuously dif- 
ferentiable and nonincreasing. 
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independent of the monopsonist’s current 
input purchase and employment choices. 
“Thus, these choices can be examined with- 
out specifying A(A). 

The monopsonist’s profit function can 
now be expressed as 


(7) «(X,d) = NR(X) — E(X,d) — AQ) 


The monopsonist will choose its level of in- 
put employment so as to maximize profits 
at each degree of integration. This requires 
the monopsonist to equate the marginal 
revenue with the marginal expenditure: 


(8) MNR(X) = E,(X,2) 


Assume the second-order conditions for a 
nontrivial solution are satisfied.'* If so, ex- 
pression (8) defines the input employment 
function X(A); it is continuously differen- 
tiableon0 < A < 1. 

The input employment function X(A) has 
important welfare implications. Integration 
has the effect of reducing the monopsonistic 
restriction on the employment of the input. 
As such, integration results in an increased 
employment of the input and a larger out- 
-put of the final good. The monopsonist’s 
consumers would then benefit from lower 
final prices. 

Clearly, full integration eliminates the in- 
efficient underemployment of the input. The 
monopsonist’s expenditures to obtain an 
additional unit of the input are reduced to 
just the marginal production costs of that 
unit. Input employment is expanded, i.e., 
X(1) > X(0).'"° This outcome duplicates the 
market equilibrium when competitive buyers 
constitute the derived demand for the input. 
. Despite the fact that ¥(1) > X(0), it need 


13Using (5b) and simplifying via (4), note that 
E(X, A) = C(X(X,A), 1 - N + XXN. 
Cy (X(X, A), 1 — A) ford <A <1. 

14For the second-order condition to be violated, 
itis again necessary but not sufficient that the mar- 
ginal expenditure function on input purchases be de- 
clining over some range (see my dissertation, p. 45). 

SSince Cy,(X,1) > 0, we find that £,(X,1) = 
Ci(X, 1) < C(X, 1) + X¥-Cy (441) = E,(X,0) for 
all X > 0. Thus, (8) and the corresponding second- 
order conditions imply that ¥(1) > X(0) (see Figure 2). 
Also see S. Y. Wu, pp. 118-19, for a graphical exposi- 
tion of this result. 
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not be the case that further backward inte- 
gration will always induce the monopsonist 
to expand input employment. However, 
Proposition 1 demonstrates that dX(A)/ 
dd > 0 should be considered the “normal” 
case, 


PROPOSITION 1: For 0 < A < 1, the in- 
put employment of the monopsonist will ex- 
pand, remain constant, or contract with 
further integration as the marginal expendi- 
ture function is respectively rising, un- 
changing, or declining at the profit-maximiz- 
ing choice of input employment. That is, 





(9) sgn Bal = sgn [En (X0),A)] 


for 0O<à<l 


PROOF:!6 
Differentiating (8) with respect to A yields 
E (XA), A 
ao) ZO _ (XAA 


dù  MNR,(X()) — E(X), A) 


The denominator of this expression is nega- 
tive by the second-order condition for 
profit maximization. Partially differentiating 
E,(X,A) (from fn. 13) with respect to à and 
employing Euler’s theorem on C,(V,S) and 
C,,(V,S), we find that 


(I) EX) = ore W y AA >| 


-[2; COE N, 1 — A) + X,(X,A) 
*Cin(X(XN,1—-d] for 0<Aà<1l 


After partially differentiating (4) with respect 
to A and again employing Euler’s theorem 
on C\(V,S) and C,,(V,S), we find that in- 
equality (6) implies that the first bracketed 
term of (11) is negative. Furthermore, it can 
easily be shown that £,,(X,)) has the same 
sign as the second bracketed term of (11). 
Thus, £,,(X,A) has the opposite sign of 
E,,(X,A). Therefore, dX(A)/dX has the 
same sign as E£,,(X(A),A) for 0 < A < 1. 


16The details of this proof are contained in my dis- 
sertation Appendices 2.5 and 2.6. 
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Limiting arguments complete the proof for 
A = 0. 


The case of E (XA), à) > 0 with dX(A)/ 
dd > 0 should be considered the “normal” 
case. If £,,(X(A), A) < 0, the marginal ex- 
penditure on input purchases from inde- 
pendent suppliers must be nonincreasing 
with the level of purchases, that is, the 
second bracketed term of (11) must be nega- 
tive when evaluated at X(A). Such cases 
cannot occur if C,,,(X,(X(A), A), 1 — A) = 0 
and need not occur even if Cu (X.X), 
À), | — A) < 0. The example of linear mar- 
ginal costs (C,,,(V,S) = 0) provides an il- 
lustration of a “normal” case for Proposi- 
tion 1. Since E£,,(X,A) < 0 in the linear 
example, backward integration by the mo- 
nopsonist shifts its marginal expenditure 
curve outward from £,(X, 0) toward the in- 
dustry supply curve £,(X, 1) (see Figure 2). 
The monopsonist’s profit-maximizing input 
employment increases, resulting in lower 
final prices for consumers. 


HI. The Earnings of Independent Suppliers 
Having determined the input employ- 
ment function X(A), we can now characterize 


the rents accruing to independents at each 
degree of integration. The impact of inte- 


EX, 1) 





MNR(X) 


X(0) X(d) X(4) 


FIGURE 2 
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gration on the earnings of independents can 
then be examined, In addition, the acquisi- 
tion cost function A(A) can be specified, 
thereby enabling an examination of the 
monopsonist’s incentive to integrate back- 
ward. 

The total rents accruing to independent 
suppliers are the receipts from sales of 
X,((X(A),A) at the corresponding supply 
price minus the variable costs of produc- 
tion. The rents per fractional unit of the 
total suppliers are 


(12) rA) = l XX), A) 
r CX (XA), A), 1 g A) 
— C(X,(X(),A), 1- A for 0<à<l 
Proposition 2 characterizes the behavior 
of r(A). : 


PROPOSITION 2: Declining (constant) 
marginal net revenue implies that per unit 
rents decline (remain constant) as the mo- 
nopsonist integrates backward. That is, 


dr(a) <0 Í <0 
a3 4e f 1 if MNRAS 4 


for 0<A <1 


PROOF:” 
Euler’s theorem on C(V,S) implies that 
(14) rA) = -C,(¥,(X(A), A), 1 - A) 
for 0<A<1 
Differentiating r(A) with respect to A and 


employing Euler’s theorem on C,(V,S), we 
find that 


as SY L -CaA =) 
l a, N AXON] 
dÀ l- à 


After totally differentiating (8) with respect 
to à (using £,(X(A),A) from fn. 13), em- 
plying Euler’s theorem on C,(V,S) and 
C,,(V,S), and substituting from (10) and 


'7 The details of this proof are contained in my dis- 
sertation Appendix 2.7. 
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(11), we find that the bracketed term of (15) 
has the same sign as MNR,(X(A)). Since the 

‘first term of (15) is positive, dr()/dd also 
has the same sign as MNR,(X(A)). 


Proposition 2 states that those suppliers 
remaining independent will incur lower 
earnings as the monopsonist integrates 
backward. The integrating monopsonist re- 
duces its input purchases more rapidly than 
the reduction in the independent supply of 
the input. This fact can be shown by rear- 
ranging the bracketed term of (15) which is 
negative when MNR,(X(A)) < 0: 


(16) - aX (X(A),A) al — A) 
XAXA), A) 1-A 

As a result, the price received by indepen- 
dent suppliers, C,(X,(X(A),A), 1 — A), de- 
clines as the monopsonist integrates back- 
ward.'* Thus, independent suppliers would 
oppose backward integration by the mo- 
nopsonist. 


IV. The Monopsonist’s Incentive to 
Integrate Backward 


To examine the monopsonist’s incentive 
to integrate backward, we must first specify 
the acquisition costs A(A). These costs are 
related to the rents accruing to suppliers be- 
fore they are acquired. Although any ac- 
quisition cost function could be specified, 
only two will be examined. The first specifi- 
cation allows the monopsonist to acquire 
any fraction of the total suppliers only by 
paying them the per period initial rents per 

~. fractional unit: 
(17) A'(A) = d+ 7(0) 
The second specification allows the mo- 
nopsonist repeatedly to acquire only a small 


additional fraction of the total suppliers at 
the prevailing rents per fractional unit: 


(18) AA) = h> r(é)-dé 


Under A'(A), the monopsonist is not al- 
lowed to acquire identical suppliers at dif- 


18 See my dissertation Appendix 2.8. 
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ferent acquisition prices. Under A*(A), the 
monopsonist adjusts its profit-maximizing 
purchases and input employment after each 
small increase in its degree of integration 
and can then acquire a small additional 
fraction of the total suppliers at the new 
unit rents. The specification of A?(A) col- 
lapses this story into a instantaneous 
process. By Proposition 2 (for MNR,(X) < 
0), the total and marginal acquisition costs 
are lower under 4?(A) than under A'(A), 
i.e., A(X) < A'(A) and r(A) < 7r(0) for all 
A > 0. Thus, A-A) would encourage a 
greater degree of integration by the mo- 
nopsonist. 

Neither 4'(A) or A*(A) involves “threats” 
by the monopsonist against independent 
suppliers. If refusal-to-deal threats were 
viewed as credible by independents, then 
the acquisition cost function would take 
the form A3(A) = 0. Similarly, the acquisi- 
tion cost function 


A*A) = à- limit r(S) 
Si 


requires the credible threat against each 
supplier that he will be the only firm not to 
have sold out to the monopsonist. Finally, 
the acquisition cost function A*(A) = 
A- r(A) might be reasonable if independents 
were convinced of the monopsonist’s inten- 
tion to acquire A of their ranks. Each sup- 
plier would then be indifferent between 
selling out and remaining independent. Un- 
like A3(A), A4(A), and 4°(A), both A'(A) and 
A*(\) imply that the acquired suppliers were 
never paid less than they were earning at the 
point of acquisition. Jn this sense, the mo- 
nopsonist’s integration via A'(A) or A?(A) 
cannot be considered “predatory” even 
though per unit rents earned by the remain- 
ing independent suppliers have declined. 

The monopsonist’s incentive to integrate 
backward is defined as the change in maxi- 
mized profits which result from an increase 
in the degree of integration A. Totally dif- 
ferentiating (X(A), A) with respect to A and 
taking note of condition (8), the incentives 
to integrate under A'(A) and A?(A) are: 


ay ZO L EXN, - 10) 
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2 
0) SEY a -EEANN - 10) 
E,(X(A),A) is the reduction in minimized 
expenditures, required to obtain the profit- 
maximizing level of input employment, as a 
result of a marginal increase in the mo- 
nopsonist’s degree of integration.” These 
savings must be weighed against the ac- 
quisition costs of a marginal increase in the 
degree of integration, r(0) for A'(A) and 
r(A) for A*(A). These forces can be unam- 
biguously resolved for the case of 3(A). 





PROPOSITION 3: At each degree of inte- 
gration A, the monopsonist facing acquisition 
costs of A?(X} has a further incentive to in- 
tegrate backward. That is, 


üy aa >0 forall O<r<1 


PROOF: | 

Using Euler’s theorem on C(V,S) and 
C\(V,S), dx(\)/dd can be expressed solely 
in terms of C(V,S), C\(V,S), and C,,(V,S). 
Simplifying by means of (4) and employing 
the linear homogeneity of C(V,S) and zero 
homogeneity of C, (V, S), we find that 


dr?) _ |XQ) — XAXA) A) 
an Se) , [xo = Haron 
_ XAXA), Di, c as — X{X(A),A) ) 
[im % ; À i 


7 je( 2 = C 1) 


" geewa i)| 
l1- À 


for 0<à<l 


By (2a) and (6), the first term is positive 
and the second term is negative. Since 
C,,(V,S) > 0, the mean value theorem im- 


19Using (5b) and simplifying via (4), note that 
B,N = OX — XlX ALN -— XGA): 
CalXe(X, N, 1 — A for0 <A <l. 

2 The details of this proof are contained in my dis- 
sertation Appendix 2.9. 
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plies that dx*(A)/dX > 0 for 0< A < 1. 
Limiting arguments complete the proof for 
A = 0. 


The monopsonistic restriction of input 
purchases results in a supply price for in- 
dependent suppliers and corresponding ren- 
tal earnings which understate their value to 
the monopsonist. In addition, the indepen- 
dent suppliers are not undervalued to po- 
tential outside investors since these investors 
could not alter the restriction of input pur- 
chases. Thus, the monopsonist will initiate 
backward integration. If the partially inte- 
grated monopsonist need pay only the pre- 
vailing unit rents r(A) to integrate further, 
then this argument applies at each degree of 
integration and the monopsonist will choose 
to integrate fully. 

Proposition 3 also provides information 
about the incentive to integrate for other 
acquisition cost functions. Acquisition cost 
functions A(A) < AA) for all A will also 
induce the monopsonist to integrate fully. 
In other words, acquisition strategies which 
involve ‘‘credible threats? against inde- 
pendents, for example, A*(A), A (A), or 
A*(A), would certainly imply full integra- 
tion by the monopsonist. On the other 
hand, acquisition cost functions A(A) > 
A*(A) for all A may not induce the mo- 
nopsonist to integrate fully. The function 
A? `(A) is a member of this latter class, Since 
dx'(0)/dX = dx*(0)/dXd > 0, there exists an 
initial incentive to integrate under 4 '{A). 
However, further integration may well be 
unprofitable beyond some degree of less 
than full integration, i.e., max m'(A) 
m'(A!) where A! < 1,7) 


V. Interpretation of the Incentive to Integrate 


As a result of Proposition 3, the mo- 
nopsonist’s incentive to integrate backward 
cannot be interpreted as strictly an internali- 


2f F(N, D) = A-N©.-L'* for 0 <a < 1 and 
MNR(X) = - X-i/n over a meaningful range 
(X > €>0), ia Al can be calculated as a function of 
the parameters a and 7. See my dissertation pp. 74-75. 
For example, if = y = 1/2 then A! = .68. In addition, 
Al increases with n and a. 
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zation of efficiency losses. To demonstrate 
this fact, suppose that the marginal net 
revenue curve is perfectly inelastic over the 
relevant range, i.e., X(A) = X(0) for all 
0< A< 1. No efficiency loss from under- 
employment of the input would exist for the 
monopsonist to profitably internalize by in- 
tegrating. However, the proof of Proposi- 
tion 3 remains valid for this case. The mo- 
nopsonist will fully integrate under A?(A) 
and partially integrate under A'(A). This re- 
sult can be explained by what I shall call the 
“rent effect.” Define total rent payments as 
rents earned by independents ((1 — A)- 
r(A)) plus the acquisition costs (A (A)). Back- 
ward integration enables the monopsonist to 
reduce these total payments. Define Q (A) as 
this reduction in rents: 


(23) RA) = r(0) — [0 — A) rA) + AQ)] 


Under either A'(A) or A(A), the mo- 
nopsonist never pays more than the initial 
unit rents in acquiring suppliers. Under 
A(X), total rents are continually reduced by 
the acquisition process, implying that the 
rent reduction increases with the degree of 
integration, i.e., 


dB(A) _ 
dy 


dr) 


(24) ir 


-(-A) >0 


for MNR(X) less than perfectly elastic. 
Thus, the monopsonist will integrate fully 
even when there is no efficiency loss to in- 
ternalize. 

However, under 4'(A) the reduction in 
total rents can result only from the reduced 
rents earned by the remaining independents, 
as is evident from 


(25) R'A) = (1 — A) i0) — rA)] 


Thus, when there exists no efficiency loss to 
internalize, the profit-maximizing degree of 
integration A! must be less than unity since 
QRA) > R!(0) = QR!(1) = Ofor0 <À < 1. 
The reduction in rents paid to independents 
more than offsets the monopsonist’s share 
of the efficiency loss in input production as a 
result of partial integration, 0 < A! < 1. 
Thus, w(A') > w1(0) = '(1). Finally, the 
increase in profits from the reduction in 
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total rents under A!(A) or A7(A) need not be 
trivial.” 

For strictly downward-sloping marginal 
net revenue functions, the monopsonist’s 
incentive to integrate results from both the 
rent effect and an “efficiency effect.” The ef- 
ficiency effect is the increase in profits to the 
monopsonist which results from the inter- 
nalization of the efficiency loss from under- 
employment of the input. As the mo- 
nopsonist integrates, the expansion of input 
employment converts this efficiency loss 
into profits. A naive extrapolation from the 
monopoly case would portray the efficiency 
effect as the incentive to integrate. But by 
Proposition 2, the monopsonist’s incentive 
to integrate backward can result purely 
from the efficiency effect only if the margi- 
nal net revenue function is perfectly elastic 
(MNR (X) = 0) preventing unit rents from 
declining with integration. Thus, the general 
incentive of a monopsonist to integrate 
backward must be understood in terms of 
the rent effect as well as the efficiency effect. 


VI. Conclusion 


In summary, complete backward integra- 
tion eliminates the efficiency losses from 
monopsonistic behavior. The expansion of 
input employment by the integrated mo- 
nopsonist results in greater final output at 
lower prices for consumers. The efficient out- 
come of a market with a competitive derived 
demand as well as a competitive supply 
would be duplicated. With the acquisition 
cost function A?(A), the profit-maximizing 
monopsonist chooses to integrate fully. 
Only the original input suppliers are injured 
by the monopsonist’s integration. However, 
since their reduced rental earnings are a 
direct transfer of income to the monopsonist, 
they could be compensated so as also to 
benefit. The acquisition cost function A!(A) 
would fully compensate the original fixed- 
factor owners if the monopsonist chose to 
integrate fully. But as we illustrated, the 


221f X(A) = X(0) for O < A < 1 and AN, L) = 
A - N1/2 . 11/2, then the percentage reduction in total 
rents will be 50 percent under A?(A). See my disserta- 
tion, pp. 79-82. 
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monopsonist may well choose not to inte- 
grate fully under 4'(A). Efficiency losses (in 
the employment of the input and in the pro- 
duction of the input) would remain, con- 
sumer benefits would be curtailed, and the 
remaining independent suppliers would still 
experience reduced rental earnings. 

In conclusion, vertical integration by im- 
perfectly competitive firms can be success- 
fully modeled and analyzed if the concept 
of vertical integration, full and partial, is 
well defined and meaningful. Integration 
requires the acquisition of firms in com- 
petitive stages of the industry. Partial inte- 
gration leaves the imperfectly competitive 
firm with a market vs. nenmarket choice, 
the resolution of which influences its further 
incentives to integrate. Not only can these 
incentives to integrate be specified and ex- 
amined but also the welfare implications of 
integration on all participants in the in- 
dustry can be considered. 
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Market Behavior with Demand Uncertainty 
and Price Inflexibility 


By DENNIS W. CARLTON* 


Most economists would agree that the 
large majority of markets do not precisely 
fit the classical assumptions of competition. 
For many markets, prices do not adjust at 
each instant of the day to balance supply 
and demand. Moreover, firms often do not 
know how much of their product will be 
demanded each day. 

There are good reasons why most mar- 
kets depart from the strict classical assump- 
tions (see Armen Alchian). Changing prices 
frequently is time consuming and costly. 
Consumers may dislike price fluctuations. 
More importantly, prices may have to re- 
main in effect for some time if their “signal” 
is to be received. The demand that an in- 
dividual firm sees is random because the 
number of customers that frequent the firm 
will generally vary from day to day. In 
formulating its operating policy, a firm 
must take into account the randomness of 
its demand. Firms do not feel that they can 
sell all they want at the current market 
price and are concerned with overproducing 
or having excess capacity. Firms are also 
concerned with underproducing or having 
too little capacity. In these markets, it is an 
outcome of the market process that occa- 
sionally some customers will be unable to 
purchase the good instantly. 

For these uncertain markets, the amount 
that a firm is willing to supply depends not 


„only on the current market price, but also 


on the entire stochastic structure of demand 
that it faces. In this environment, supply 
cannot be defined without first specifying 
the random structure of demand. 

There will be three essential features of 
market operation that we will study; price 


*Department of economics, University of Chicago. I 
wish to thank Gary Becker, Franklin Fisher, Peter 
Diamond, Robert Hall, Lester Telser, and Sam Peltz- 
man for vaiuable advice. I thank George Borts and 
the anonymous referees for their helpful comments. 
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inflexibility, demand uncertainty, and tim- 
ing considerations. By price inflexibility, 
I do not mean that prices do not respond to 
permanent shifts in the underlying supply 
and demand factors, but only that prices 
cannot be adjusting at each instant of time. 
An important feature of the analysis will be 
to determine exactly how prices are endog- 
enously determined by market forces. De- 
mand uncertainty means that, at the begin- 
ning of any market period after prices have 
been set, firms do not know for sure what 
their demand will be, although they do 
know what the random distribution of de- 
mand looks like. Demand is uncertain over 
the period for which prices are inflexible. 
Timing considerations refer to the need to 
have produced or to have made some prior 
commitment to production, such as the 
purchase of equipment, before the un- 
known customer demand is observed. 

It is not immediately clear what the con- 
sequences of these three nonclassical fea- 
tures of market operation are, even though 
these three features would appear to be 
realistic characterizations of many market 
operations. In this paper, I address the fol- 
lowing questions: How do firms compete in 
such markets? Can equilibrium be meaning- 
fully defined, and if so, how does it com- 
pare to the classical equilibrium when the 
uncertainty is removed from the demand 
side? What are the properties of the com- 
petitive equilibrium as the size of the mar- 
ket increases? Will this equilibrium be 
Pareto optimal? In this equilibrium, do 
firms produce too little of the good in ques- 
tion? Would society benefit if the govern- 
ment paid lump sum subsidies to firms so as 
to encourage them to expand their produc- 
tion of the good? 

For the markets under study, it will be a 
natural feature to have some customers 
being unable to purchase the good, and 
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some firms being unable to sell all of their 
stock, or equivalently use all their capacity. 
Each good will have two characteristics as- 
sociated with it, namely its price and the 
probability that it can be purchased. Cus- 
tomers will have preferences not only for 
the price of the good, but also for the prob- 
ability of obtaining it. Firms will compete 
amongst themselves until an equilibrium is 
reached, Market clearing will require equi- 
librium along the dimensions of both price 
and probability of obtaining the good. In 
equilibrium, supply will not in general 
equal demand, and there will always be 
some customers who are unable to pur- 
chase the good. The “customers” can also 
be interpreted as being other firms who are 
trying to buy factor inputs for their produc- 
tion process. With this interpretation, we 
obtain a model where it is perfectly natural 
for firms to be concerned with obtaining an 
“assured” supply of the input, a concern 
that appears uppermost in the minds of 
businessmen (see Alfred Chandler). 

In the special case where social welfare 
is measured by expected surplus, we show 
that a competitive equilibrium is optimal. 
This result stands in sharp contrast to pre- 
vious models in the literature on optimal 
pricing under uncertainty. However, in 
general, a competitive equilibrium will not 
lead to the socially optimal point. The 
social optimum will, under a plausible set 
of assumptions, involve paying lump sum 
subsidies to encourage firms to expand their 
production. 

The model is applicable to any market 
where availability of the good or of the 
means to produce the good is important. 
It does appear that in the private sector for 
many industries demand fluctuations are 
not always absorbed by price changes and 
that changes in the probability of whether 
or when the good can be obtained is often 
an important equilibrating mechanism. 
Some examples include retail stores, hotels, 
restaurants, and manufacturing. In the 
regulated and government sector the model 
also seems to have wide-spread applica- 
tion. For example, for airlines, railroads, 
public parks, and electric utilities, prices do 
not vary continuously and uncertainty in 
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demand is absorbed by changes in rationing 
frequency. 


I. Competitive Market Clearing 


There is a large literature on the effects of 
uncertainty on firm behavior.' Analyses of 
competitive markets focus on the effect of 
having uncertainty in price, and they main- 
tain the assumption that firms can always 
sell all they want at the future uncertain 
market price.? There are never any short- 
ages in equilibrium. In his pioneering 
works, Edwin Mills (1959, 1962) has ex- 
amined the effect of demand uncertainty 
and price inflexibility on the behavior of a 
monopolist who must decide what price to 
charge and how much to produce before 
demand can be observed. Surprisingly, 
despite the realism of the assumptions of 
demand uncertainty, price inflexibility, and 
a lead time necessary for production, there 
has been no attempt to examine the impli- 
cation of these assumptions within a com- 
petitive environment.’ The purpose of this 
paper is to provide such an examination, 
and to derive and investigate the properties 
of an equilibrium in which it is natural to 
have supply not equal to demand.:A simple 
model is presented which attempts to cap- 
ture the essential features of the markets 
under study. 

There are N identical firms who compete 
with each other. To make the assumption of 
competition plausible, the number of firms 
N will be considered to be large enough to 
prevent firms from having any monopoly 
power. Firms maximize expected profits. 

At the beginning of each period, each 
firm sets price, which remains in effect for 
the entire period, and it decides how much 
of the good to produce and stock for the 
period.* No additional production or de- 


'See Michael Rothschild and John McCall and the 
references cited therein. 

2See, for example, Edward Zabel. 

3Since this paper was written, John Gould and 
Arthur DeVany and Thomas Saving have investigated 
issues closely related to those of this paper. 

4It is not necessary for the good to be produced at 
the very beginning of the market period. All that is re- 
quired is that some commitment to production, such 
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livery of the good can occur during the pe- 
riod. The production cost per unit of the 
good is c, where c is strictly positive. To 
keep the model simple, it is assumed that 
the good is perishable so that it is impos- 
sible to hold inventories between periods. 
Provided holding inventory is a costly ac- 
tivity, the qualitative results derived below 
will be unchanged. 

I now wish to generate a simple char- 
acterization of random demand per firm in 
which the number of customers that a firm 
sees is random. One way to generate such a 
random process would be to have three 
random states of nature for each consumer: 
a) one in which the consumer does not de- 
sire the good (the occurence of this state 
depends on exogenous random variables); 
b) one in which the consumer desires to 
purchase some amount of the good but 
cannot; and c) one in which the consumer 
desires to purchase some amount of the 
good and does so. (For simplicity, let each 
consumer have the same per capita demand 
curve for the good when the good is de- 
sired.) The utility of the consumer in each 
of the three states would influence the con- 
sumer’s total expected utility. Conditional 
on not being in state a), the amount that 
firms produce will influence whether a con- 
sumer winds up in state b) or c). Since it is 
this last set of events that we wish to ana- 
lyze, I suppress discussion of state a) for the 
remainder of the paper (except for foot- 
notes), not because it is unimportant but 
because its inclusion, though straight- 
forward, would be cumbersome, and would 
obscure the main thrust of the analysis. It 
is crucial to stress that the main ideas and 
conclusions of the paper apply to any de- 
mand process that generates random de- 
mands per firm. 

I adopt the following simple process to 
generate random demand per firm. Suppose 
that each period there are L identical con- 
sumers who desire to purchase the good, 
each with per capita demand x(p). During 
each period, each customer randomly fre- 





as the purchase of equipment or other inputs, be made 
prior to observing demand. 
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quents a firm. The customer knows the 
price the firm charges, and through reputa- 
tion, the probability that the good will be 
available at the firm. If a customer finds a 
firm out of the good, he simply leaves the 
firm and does not obtain the good for that 
period. He does not search at the other 
firms.° Buyers have preferences for not only 
how much they purchase and spend on the 
good, but also for the probability of being 
able to buy the good. Therefore, competi- 
tion does not force firms to necessarily 
charge the same price but rather to offer 
price-shortage combinations which leave 
the customer at the same level of expected 
utility. 

Equilibrium in an uncertain market is 
said to exist when 1) consumers are indiffer- 
ent at which of the firms they shop each pe- 
riod, and 2) no firm behaving optimally 
can offer a price-shortage combination 
which would leave consumers better off, 
and which would allow the firm to earn 
nonnegative expected profits.’ Before ex- 
amining how market equilibrium is deter- 
mined, let us first look at the incentives 
facing individual consumers and firms. 


II. Consumer Behavior 


In calculating his expected utility from 
going to any firm, a customer is concerned 


SIn equilibrium the demand to a firm is a random 
variable from a binomial process of size L and prob- 
ability 1/N. For large N, which is assumed, this bi- 
nomial process converges to the Poisson which in turn 
converges to the normal for moderate size L. (It is 
this normal approximation that is used in the Ap- 
pendix, Section A.) The reader can think of the de- 
mand arrival process as either Poisson or equivalently 
(since the number of firms can be finite but large) as 
binomial with large N. (See William Feller, ch. 7.) As 
stressed above, what is of crucial importance is that 
demand to the individual firm be random. Whether 
total industry demand is random (as is natural with a 
Poisson interpretation) or nonrandom (as is natural 
with a binomial interpretation) is irrelevant. The 
referee has noted that nothing in the model requires 
L or N to be finite, only that L/N be finite, 

éJust as in the case of inventory holding, consumer 
search behavior, providing it is costly, would not alter 
the main features of the model. This point is discussed 
more fully below. 

7This equilibrium concept is closely related to the 
equilibrium concept in hedonic markets. See Sherwin 
Rosen. 
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FIGURE |. ISO-UTILITY CONTOURS 


with both the probability 1 — à of obtain- 
ing the good and the price p charged for 
the good. We can write this expected utility 
as U(1 — A,p). The function U defines the 
iso-utility contours between 1 — A and p 
that leave a consumer indifferent.’ Typical 
iso-utility contours are drawn in Figure 1. 

The diagram shows that along any iso- 
utility curve, as price rises, the probability 
of satisfaction must rise if consumers are to 
remain indifferent. Also, for any fixed 
probability of satisfaction, consumers al- 
ways prefer lower prices. 

Consumers will always try to reach their 
highest iso-utility contour, and will only go 
to a firm that they think will provide this 
highest iso-utility level. If the buyer believes 
that several firms provide this highest utility 
level, then he will choose among them ran- 
domly. 

No strong conclusion about the shape of 
the iso-utility curves are justified. We im- 
pose the very weak assumptions that the 
iso-utility curves exist over the relevant 


8The formula for an iso-utility contour is easy to 
derive. Consider a two-good world. Let u(x, x2) be 
the person’s (von Neumann-Morgenstern) utility 
function. Good | is subject to shortages, while good 2 
is always available at price of 1. Let V(y,p) be the in- 
direct (von Neumann-Morgenstern) utility function 
when income is y and price of good 1 is p. Then ex- 
pected utility is E(U) = (1 — A)V(y,p) + Au(0,y). 
When good 1 is available at price p, the consumer 
purchases x(p) units of it where, by Roy’s identity, 
x(p) = ~Vp/Vy where subscripts denote partial dif- 
ferentiation. If I adopted the more general formulation 
of random demand where I allow for the possibility 
that consumers might not desire the good in some 
periods, I would obtain the expression for total ex- 
pected utility by multiplying the previous expression 
for E(U) by the (exogenous) probability of desiring 
the good and then adding to this expression the ex- 
pected utility of the consumer when he does not desire 
the good. zi 
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range? in (1 — A,p) space, that they are 
continuous, and that they satisfy an upper 
and lower Lipschitz condition. This latter 
condition postulates that there exist two 
numbers, 6 and B, such that0<b< B< œ 
and such that the slope along any iso- 
utility curve always lies between them. The 
Lipschitz requirements insure that the con- 
sumer is never willing to make infinite 
tradeoffs in either the p or-1 — A directions. 


III. Behavior of the Firm ` 


Since consumers’ will wind up going only 
to those firms that provide the highest 
utility level in the market, competition 
forces firms to take the utility level as given. 
(If instantaneous production were possible 
so that no shortages could occur, then each 
good would have only one characteristic 
(price) associated with it. In that case, 
utility-taking behavior is equivalent to 
price-taking behavior and this market 
would behave exactly as a classical supply 
and demand analysis would indicate.) At 
the beginning of each period, firms have to 
decide on a price and production policy so 
as to maximize their profits subject to the 
constraint that they provide at least the 
given level of utility to consumers. Firms 
know that if they remain competitive with 
the other firms, then they will receive their 
random share of demand. 

We can-write the total amount that the 
firm decides to produce at price p as s» x( p). 
The variable s can be interpreted as the 
maximum number of customers that a firm 
can satisfy in that period. Henceforth, we 
will refer to s as customer capacity. Clearly, * 
the amount that a firm decides to produce 
affects the probability that a customer will 
be able to obtain the good from that firm. 

Let us examine the relation between the 
expected number of customers M, who will 


9By this assumption I simply mean that there is 
some range of prices, which includes p = c, the cost of 
production, for which the consumer is interested in 
purchasing the good. In other words, if the consumer 
does not have positive demand for prices near c, then 
the market for the good will not exist, and there is 
nothing to analyze. 
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find the firm out of the good, and the cus- 
tomer capacity s that the firm provides. Let 
prli) stand for the probability that i cus- 
tomers will arrive at the firm. Then, we can 
write that 


GQ) MG) = È G- spr) 


If all N firms follow the same operating 
policies, then the total expected number of 
customers who will be dissatisfied is N- M, 
and the fraction of dissatisfied customers 
will equal NM/L. The fraction 1 — A of 
customers who are able to obtain the good 
can be written as 


N- M(s) 


(2) L- M) = 1 - SF 


(In my 1975 paper I explain how (2) can be 
interpreted as applying to a firm even when 
all firms do not follow the same policies.) 
In the Appendix, Section A, I show that 
using the normal distribution to approxi- 
mate the discrete binomial process of cus- 
tomer arrival, the probability of satisfaction 
function, 1 — A(s) can be written as 


ol(u) + s$ 
o? 


(3) 1 — A(s) = 


where o? = L/N, 
Iu) = [Slt — ul f(u) du 


f(u) is the normal density function, and u = 
(s — o*)/o. 

For a given level of utility, firms want to 
choose a price p and a customer capacity s, 
so that profits are maximized and the con- 
sumer is able to achieve the given level of 
utility. When firms remain competitive by 
offering the given level of utility, they ran- 
domly receive their equal share of the L 
customers. Letting pr(i) stand once again 
for the probability that i of the L customers 
visit a firm this period, we can write that 
expected profits equal 


(4) (sp) = p-x(p) È ipr(i) 


+ px(p)s È, pri) — esx(p) 
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The first term in (4) represents expected 
sales revenue when i < s customers come 
to the firm, while the second term repre- 
sents expected sales revenue when more 
than s customers come to the firm. The last 
term in (4) is the cost of being able to ser- 
vice s customers. Since (3) expresses a one- 
to-one relation between the probability of 
satisfaction 1 — > and the customer ca- 
pacity s, we can interpret (4) as expressing 
profits as a function of | — A and p. 

Regarding profits as a function of 1 — À 
and p, we can draw iso-profit curves in 
(1 — A,p) space. A typical family of such 
curves is depicted in Figure 2. The two iso- 
profit curves at the far right of the diagram 
are drawn to illustrate that each iso-profit 
curve involving positive profits can ‘turn 
around” on itself as price rises sufficiently 
high to drive demand to zero. Since con- 
sumers always prefer to be on the northwest 
boundary of the iso-profit curves, competi- 
tion will insure that the “dotted” segments 
of the iso-profit curves are never observed. 
The heavy dotted line in the diagram repre- 
sents the m, curve which is derived by set- 
ting dr/ds = 0 in (4). Iso-profit curves 
cross the wz, curve vertically, and so the 
relevant portions of all iso-profit curves 
emanate from the z, curve. For the rele- 
vant portions of the curves, with fixed price, 
profits decrease as probability of satisfac- 
tion increases. Hence, in the diagram 7, < 
m. The curve on the far left of Figure 2 
represents the zero-profit (m = 0) curve, 
which is the only one this paper will be in- 
terested in. 

For any given iso-utility level, 2, the firm 
will choose to operate at a point of tan- 
gency between the iso-utility curve repre- 
senting iso-utility level, Z, and the highest 
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iso-profit curve. No firm ever chooses to 
operate to the left of the x = 0 curve since 
that represents negative expected profits. 

The properties of the zero-profit curve 
play a key role in determining the behavior 
of equilibrium as the number of customers 
per firm increases. I now describe the rele- 
vant properties? of the zero-profit curve, 
proved in a separate appendix available on 
request from the author. 

The m = 0 curve is concave (i.e., 
d*(1 — d)/dp* < 0), starts off with a very 
large slope at a point a little to the right of 
p = c on the horizontal axis, rises to | as 
price increases, and has a very flat slope for 
sufficiently high prices. The curve always 
lies to the right of the vertical line p = c, 
since price must cover not only production 
costs, but also the cost of unsold goods. As 
price rises, firms can afford to provide a 
larger customer capacity s. Hence along the 
aw = Ocurve the probability of satisfaction 
increases to | as price increases. 

As the customer per firm ratio L/N in- 
creases, the x = 0 curve is affected in sev- 
eral ways. First, the entire curve shifts up, 
indicating that for fixed price as the number 
of customers per firm increases firms can 
afford to increase their customer capacity 
in such a way that there is a higher prob- 
ability of satisfying customers. Basically, 
this result occurs because there are econ- 
omies of scale in servicing a stochastic mar- 
ket. The proportional risk of having unsold 
goods declines as the customer per firm 
ratio increases. In other words, to achieve 
a satisfaction probability of .5 in a market 
with 100 customers per firm requires a 
s/100 figure that is larger than the s/1,000 
figure in a market with 1,000 customers per 
firm." As the customer per firm ratio con- 
tinues to increase, the w = 0 curve shifts up 
tothe 1 — A = | line. 


10Since I am using a continuous random variable 
to approximate a discrete positive random variable, 
there is a slight error involved. By the Central Limit 
Theorem, we know that any such approximation 
errors become insignificant for even moderate (i.e., 
15-20) values of the customer per firm ratio, L/N. In 
the subsequent analysis, I ignore such approximation 
errors. 

1 Recall that s refers to customer capacity. 
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How does the slope of the r(1 — A,p) = 0 
curve behave as the customer per firm ratio ` 
increases? For any fixed price p greater than 
c, the slope (d(1 — A)/dp) falls monotoni- 
cally to zero as L/N increases. Further- 
more, for any fixed probability of satisfac- 
tion, 1 — A, below 1, the slope d(1 — d)/dp 
approaches infinity as L/N increases. 


IV. Market Equilibrium 


In the diagram of the iso-profit curves, 
superimpose the iso-utility curves of cus- 
tomers. We can define a contract curve as 
the locus of tangencies between the iso- 
utility and iso-profit curves. Firms always 
operate on this contract curve. 

In a classical market, firms compete with 
each other by offering to consumers lower 
prices (i.e., higher utilities) than other firms. 
Prices (or consumer utilities) continue fall- 
ing (rising) until firms have no incentive to 
lower price (raise utility) any more. Analo- 
gously, in this market, firms compete with 
each other by offering better (i.e., higher 
utility) combinations of price and prob- 
ability of satisfaction to consumers. The 
utility level is “bid” up until there is no in- 
centive for any firm to continue to alter its 
price-probability of satisfaction combina- 
tion. This point occurs when the contract 
curve intersects the zero-profit (7 = 0) 
curve. At this point, firms would prefer to 
go out of business rather than offer a higher 
utility combination to consumers and earn 
negative expected profits. Hence, competi- 
tion on the utility level forces the market 
equilibrium up the contract curve, until the 
zero-profit curve is reached. Equilibrium 
can be regarded as a tangency’!? between 
the zero-profit curve and the highest at- 


12Note the similarity between this equilibrium and 
the hedonic good equilibrium of Rosen. 

13] ignore the uninteresting case of corner solutions 
in which either a) the firms produce nothing or b) each 
firm by itself stocks an amount of the good to satisfy 
the entire customer population dy itself. Notice that 
multiple tangencies are possible, since the iso-utility 
curves can be convex. The dynamic arguments justify- 
ing the establishment of this equilibrium are outlined 
in the author (1975). See the author (1977a) for a dis- 
cussion of possible instabilities in these markets. 
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FIGURE 3. MARKET EQUILIBRIUM 


tainable iso-utility curve.” This equilibrium 
is depicted in Figure 3. 

There are several noteworthy features of 
this equilibrium. In general, there will be a 
positive probability of being unable to ob- 
tain the good. Second, in equilibrium the 
price will exceed the constant cost of pro- 
duction. This occurs because the revenue 
from sold goods must compensate not only 
for the cost of producing those goods, but 
also for the cost of producing the unsold 
goods. Equivalently, it is necessary to pay 
for available but unused capacity. Third, 
there is no reason why supply should equal 
demand even in expected values since equi- 
librium depends in part on consumers’ will- 
ingness to take risk. 


V. Behavior of Market Equilibrium as the 
Customer Per Firm Ratio Increases 


Armed with the properties of the w = 0 
curve, we can investigate the behavior of 
equilibrium as L/N, the customer per firm 
ratio, increases. It will be useful for the 
reader to recall that b and B are the lower 
and upper bounds on the slope of the iso- 
utility curves, respectively. 


THEOREM 1: As L/N, the customer per 
firm ratio, increases, the equilibrium price 
associated with the market-clearing point 
approaches the deterministic market-clearing 
price c. 


‘With instantaneous production, the model be- 
comes identical to the classical supply and demand 
model. For that case, ther = 0 curve is a vertical line 
at p = c, and equilibrium as defined above coincides 
with the classical equilibrium of price = c, probability 
of satisfaction = 1, We see then that the classical 
model is a special case of this model. 
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PROOF: 

The method of proof will be to show that 
as L/N increases, any equilibrium point 
(p*,1 — A*) of the market clearing under 
uncertainty will eventually lie to the left of 
the vertical line p = c + e for every posi- 
tive e. 

Choose the point p = c + e for any posi- 
tive e. Equilibrium in the uncertain mar- 
ket is defined as a point of tangency be- 
tween the m = 0 curve and an iso-utility 
curve. Now, increase L/N. As L/N in- 
creases, the slope of the + = 0 curve de- 
clines to zero for any fixed p > c. Increase 
L/N so that the slope of the m = 0 curve 
is less than b at p = c + e. This implies 
that the slope of m = 0 is less than b for all 
p 2 c + esincether = 0 curve is concave. 
But then it is impossible for any iso-utility 
curve to be tangent to the x = 0 curve at 
any price above c + e. Hence, any market 
equilibrium price p* is less than c + e. 
Since p* must be greater than c for any 
production to occur at all, and since p* is 
less than c + e for any positive e, it follows 
that 


lim p*—c 
LIN œ% 


THEOREM 2: As L/N, the customer per 
firm ratio, increases, the equilibrium prob- 
ability of satisfaction approaches 1. 


PROOF: 

The method of proof will be to show that 
as L/N increases, any equilibrium point 
(p*,1 — A*) lies above the horizontal line 
defined by probability of satisfaction = 1 — 
Aforl—-X< 1. 

As before, equilibrium is determined by a 
point of tangency between the m = 0 curve 
and an iso-utility curve. Choose any 1 — 
À < 1. Increase L/N. As L/N increases, the 
slope along m = 0 curve at the point as- 
sociated with a probability of satisfaction 
equal to 1 — À becomes arbitrarily large. 
Continue increasing L/N until the slope at 
1 — à on the v = 0 curve exceeds B. Be- 
cause of the concavity of the m = 0 curve, 
the slope along the m = 0 curve exceeds B 
for all 1 — A < 1 — à. Hence, for suffi- 
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ciently large L/N it is impossible for any 
iso-utility curve to be tangent to the r = 0 
curve for a probability of satisfaction less 
than or equal to 1 — X. Since the equilib- 
rium probability of satisfaction is bounded 
above by 1, and lies above every 1 — A less 
than 1, it follows that 


lim I -—A*—>1 
L/N-+ œ 


It immediately follows from Theorems 1 
and 2 that the equilibrium level of expected 
utility achievable by consumers in equilib- 
rium approaches the level of utility achiev- 
able in the deterministic market, where 
price equals c and the probability of satis- 
faction equals 1. 


THEOREM 3: As L/N, the customer per 
firm ratio, increases, the percent discrepancy 
between the amount supplied and the amount 
demanded approaches 0. 


PROOF: 

The total amount demanded equals the 
number of customers times the per capita 
demand L - x(p), while the total amount 
supplied equals the number of firms times 
the customer capacity per firm times the 
per capita demand N-s-x(p). To prove the 
theorem it is sufficient to show that 
N-s/L-> l as L/N increases. 

Write the zero-profit condition as 


(5) (1 -— Ajp-L = Ne-s 


From the previous two theorems we 
know that in equilibrium p —> c and | — 
A —> las L/N increases. Hence the theo- 
rem follows immediately. 


Theorem 3 dealt with the percent dis- 
crepancy between supply and demand. 
What about the absolute discrepancy, 
[L — N-s]x(p)—does that too approach 
zero as the customer per firm ratio L/N 
increases? The answer in general is no. 
Usually the absolute discrepancy will ap- 
proach either plus or minus infinity as L/N 
increases. In other words, equilibrium is 
possible even though the number of dis- 
satisfied customers is arbitrarily large. 
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The reason why the market equilibrium 
does not converge to the deterministic one 
in all respects as the customer per firm ratio 
L/N increases can be explained as follows. 
As L/N increases, the total uncertainty in 
the market increases, so that market opera- 
tion under uncertainty. differs considerably 
from that under certainty. On the other 
hand, by the law of large numbers, the 
proportional risks caused by the uncer- 
tainty vanish as L/N increases. Therefore, 
percentage-wise concepts (for example, sup- 
ply + demand), or concepts that apply to 
individual units of the good (for example, 
price) or individual customers (for example, 
probability of satisfaction) approach their 
values in the corresponding deterministic 
market as L/N increases. However, ag- 
gregate concepts such as supply, demand, 
and total number of customers dissatisfied 
do not in general approach their values in 
the deterministic market as the customer 
per firm ratio increases.!*!6 


VI. Different Types of Customers 


It is perfectly natural to imagine a mar- 
ket with two types of customers who have 
different preferences between price and 


'SHow much do markets under uncertainty differ 
from those under certainty? As seen below, social wel- 
fare implications and incentives for vertical integration 
are different. See the author (1977a) for further dif- 
ferences. It is possible (see the author, 1975) to calcu- 
late lower bounds on the customer per firm ratio 
necessary to achieve any given level of convergence of 
price and probability to the certainty equilibrium 
p=c,1-—A = 1. For convergence to the | percent 
level, L/N must exceed 6,500. ` 

16The number of firms N and the total amount de- 
manded at any price p, Lx(p) have been taken as 
fixed. The assumptions were made for analytical 
tractability. It is not necessary that total demand be 
fixed. For example, total demand could be random 
and each firm could obtain some fixed share of total 
demand. As long as demand to an individual firm is 
random, the analysis developed above applies. See 
Section I for further discussion. Are there any incen- 
tives for merger in the model? When total demand is 
random and firms obtain fixed shares of total demand, 
no incentives for merger exist. When total demand is 
fixed, it appears that total merger is desirable. But this 
last result emerges only because considerations like 
spatial patterns of demand variation and costs of mer- 
ger do not explicitly appear in the model. 
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FIGURE 4. SPECIALIZED EQUILIBRIUM 


probability of satisfaction. In such a situa- 
tion, it is possible to have an equilibrium in 
which two types of firms are established, 


. each of which caters only to the preferences 


of one type of consumer. An equilibrium in- 
volving firm specialization is depicted in 
Figure 4,7 

As Figure 5 illustrates, such specialized 
equilibrium may not always exist.'® The 
specialized equilibrium cannot exist because 
all the type 2 customers are better off at 
type 1 stores than at type 2 stores. 

When only one equilibrium can exist in 
the market, the question of where it is 
established will be determined by the tastes 
of the majority. If any firm does not cater to 


” the tastes of the majority, it will lose a 


- 


majority of its business and will have to 
specialize in the minority’s tastes. But, by 
assumption, specialized equilibrium is im- 
possible, so the firm could not profitably 
attract just the minority types to its firm. 


VII. Search Behavior 


So far, the model has restricted con- 
sumer’s search to only one firm per period. 


iTFor the case of equilibrium involving firm special- 
ization an outside observer might incorrectly conclude 
that there was a distribution of prices for an identical 
good and attribute it to consumer ignorance. As this 
paper emphasizes, since each type of firm offers a dif- 
ferent probability of satisfaction, the “goods” at dif- 
ferent types of firms are not identical. 

8The nonexistence of such equilibria occurs for 
reasons similar to those studied by Rothschild and 
Joseph Stiglitz. See their article for further discussion. 
As that discussion makes clear, the above analysis of 
specialized equilibrium is different from that of a 
hedonic market (see Rosen). The key difference is 
that in the above model one of the characteristics of 
the good is endogenous and cannot be specified inde- 
pendently of consumer behavior as is true in a hedonic 
market. 
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Unlike other models of search, in this 
model consumers have information about 
the characteristics (i.e. 1 — A,p) of each 
firm. Consumers simply do not know which 
firms have the good. If we allow consumers 
more than one search, then the main fea- 
tures of market behavior are unchanged in 
the sense that firms and consumers will still 
take into account the probability they can- 
not sell or buy a good. A new feature that 
does emerge is that all firms may not behave 
identically. Some firms could charge low 
prices and run out frequently, while others 
could charge high prices but run out infre- 
quently. Customers might go to the low- 
price firm first and then, if unable to satisfy 
their demands, go to the high-priced firm. 
Price distributions arise naturally. Notice, 
though, that the higher prices compensate 
firms for the higher risk of having unsold 
capacity. The different price firms sell dif- 
ferent products.” 


VIII. Social Welfare Implications 


The previous section examined how mar- 
kets operate when the production decision 
must be made before the uncertain demand 
for the product can be observed, and when 
prices, once set, cannot vary over the mar- 
ket period. An important question is 
whether a‘competitive equilibrium involves 
a combination of price and probability of 
satisfaction that is optimal in the sense of 
maximizing some measure of social welfare. 


I9As the referee has pointed out, if consumers had 
imperfect information about price and availability, 
then just as in the other search models (see Gerard 
Butters), firms offering the same product (i.e., avail- 
ability) could receive different prices. 
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This is the issue that is examined in the next 
two sections. 

Throughout this examination, I do not 
allow insurance markets to develop. There 
are well-known reasons why such markets 
may not exist. For example, in the present 
case, there would be the problem of ascer- 
taining that someone actually attempted to 
purchase the good. Such insurance markets 
rarely exist in practice. (If a customer finds 
that a firm is out of a good, there is not a 
market to compensate him.) 

The first question to be asked is when, if 
ever, will the market equilibrium maximize 
the expected value of the total surplus to 
society. This question is motivated by two 
considerations. First, deterministic markets 
in competition maximize surplus, so it is 
natural to see if uncertain markets do also. 
Second, expected surplus is often used as a 
measure of social welfare.” I will show that, 
in the special case where expected con- 
sumer’s surplus is derived from an individ- 
ual’s preferences between price and prob- 
ability of satisfaction, a competitive equi- 
librium does indeed maximize the expected 
value of surplus to society. 

Consumer’s surplus is an appropriate 
measure of welfare only under very narrow 
assumptions. Moreover, in an uncertain 
setting expected consumer’s surplus may 
not properly reflect consumer attitudes 
toward risk. To avoid the defects associ- 
ated with consumer surplus, I also examine 
the social welfare question in a simple two- 
good model, A two-good model is set up by 
introducing an alternative (nonrationed) 
good, and asking how a social planner who 
takes both markets into account would op- 
erate this economy so as to maximize the 
expected utility of a representative con- 
sumer. It will be shown that the socially 
optimal solution will usually be different 
from a competitive equilibrium. The 
socially optimal solution will, under a 
plausible assumption, involve paying lump 
sum subsidies to the firms that deal with the 
good that is subject to shortages. Compared 


20See, for example, Gardiner Brown and M. Bruce 
Johnson. 


SEPTEMBER 1978 


to the social optimum, a competitive equi- 
librium will usually not devote sufficient re- 
sources to production of the good that is 
subject to shortages. 


IX. Maximizing Expected Surplus 


As mentioned above, consumer surplus is 
not generally a good measure of social wel- 
fare for uncertain markets because, aside 
from problems associated with its use in a 
deterministic setting, it may not refiect 
consumer preferences between the prob- 
ability of obtaining the good and the price 
of the good. For the special case?! where 
expected consumer surplus does reflect 
consumer attitudes toward risk, we want 
to examine whether a competitive equilib- 
rium maximizes expected surplus. The main 
result of this section is that for this special 
case a competitive equilibrium does indeed 
maximize the expected surplus to society. 

The model is the same as before. Let us 
consider the expression for expected sur- 
plus to society when all N firms follow the 
same price and stocking policy. Expected 
surplus to society (ESS) equals the per 
capita consumer surplus times the number 
of customers times the expected fraction 
of customers that are satisfied minus the 
cost of the goods. Expressed mathemati- 
cally, we have that 


(6) ESS = (1 — NA) h P x-q)dq-L 
—csNx(p) 


where, to refresh the reader’s mind, we re- 
peat the definitions: 


L = number of (identical) customers 
in the market 


21This special case occurs when, in the notation of 
fn. 8, u(x,,x2) = g(x,) + xX}, where u-is the von 
Neumann-Morgenstern utility function, x, is the 
amount of the good that is subject to shortages, and 
Xrepresents all other goods which are assumed to be 
available at a price of one. The above analysis also 
applies to the more general formulation of random de- 
mand in which consumers have the possibility of not 
desiring the good (see the discussion in Section I about 
state of nature a)) provided utility in that state of 
nature is equal to x2. 
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N = number of firms 
x(p) = the per capita demand curve” 
x(q) = the inverse per capita demand 
function 
p = price of the good 
c = cost per unit of the good 
s = the number of customers that can 
be serviced per firm 
1 — à = the probability of satisfaction as a 
function of s 


The government wishes to determine an 
operating policy (i.e., s and p), so that ESS 
is maximized when all firms behave accord- 
ing to this operating policy. To maximize 
ESS with respect to p and s, take deriva- 
tives of (6) to obtain the following first- 
order conditions: 


(1 — A)x'(p)pL — csNx'(p) = 0 
or equivalently 


(7) (1 — A)jpL ~- csN = 0 
and 
e) D.L f egag 


ds 
— cx(p)N = 0 


Equations (7) and (8) determine the s and 
p of the operating policy for each firm that 
the government should follow to maximize 
the expected total surplus to society.” 
Using the expression for profits derived ear- 
lier, it can be seen that (7) is equivalent to 
the condition that expected profits per firm 
equal zero. Equation (8) determines the 
point along the zero-profit (m = 0) curve 
at which the government should operate. 

The question then arises as to whether a 
competitive market equilibrium would 
maximize the expected value of surplus to 
society if consumers’ tradeoffs between the 
price of the good and the probability of ob- 


22Recall from fn. 8 that x(p) is simply the per capita 
demand for the good when it is available. The relation 
between x(p), and U(1 — A, p) is explained in that 
same footnote. We always assume x'(p) < 0. 

23s before I disregard the uninteresting case of 
boundary solutions and assume that (7) and (8) have a 
solution that represents an interior maximum ({i.e., 
second-order conditions for a maximum are fulfilled). 
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taining the good were adequately repre- 
sented by the expected value of their con- 
sumer surplus. At first glance, the answer to 
this question appears obvious. If expected 
consumer surplus reflects consumer pre- 
ferences, then we know from the properties 
of equilibrium in an uncertain market that 
the expected consumer surplus of each in- 
dividual (ESI) is maximized. Hence, the 
social planner will maximize the surplus to 
society at this point. This reasoning is faulty 
although the conclusion turns out to be 
correct. The sum of individual consumer 
surpluses does not equal the surplus to 
society for the markets under study, There 
are unsold goods at the end of each period 
which must enter the government’s calcula- 
tion of surplus but not that of any individ- 
ual. 

More specifically, suppose each of the L 
consumers seeks to maximize” 


(9) ESI = (1 — A) J” x-"(g)dq — px(p) 


where the notation was just defined beneath 
(6). Summing ESI over all L consumers 
and comparing this sum to the objective 
function ESS of the government, we see 
that the two expressions differ by 


(1 — A)pLx(p) — csx(p)N = 
x(P pO — AJL — sNe] 


This last expression is the difference be- 
tween the expected revenue to be received 
and the cost of all the goods, sold and un- 
sold. In view of the differences in the ob- 
jective functions between the individual and 
the government, it is interesting that the fol- 
lowing theorem holds. i 


THEOREM 4: Suppose ESI, as defined in 
(9), represents consumer preferences between 
the price p and probability of satisfaction 
1l — à. Then, a competitive equilibrium 
maximizes the expected value of surplus to 
society, ESS. 


24Recall that consumers will maximize ES/ if their 
von Neumann-Morgenstern utility functions are of 
the form u(x;,x2) = g(x,) + x, where xı = the good 
under analysis, and x, = all other goods always avail- 
able at a price of 1. 
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PROOF: 

_ If ESI reflects consumer preferences, then 
from the definition of competitive equilib- 
rium, we know that competitive equilib- 
rium occurs at that point along the zero- 
profit curve that maximizes ESI. From (7), 
we know that the point that maximizes ESS 
also occurs along the zero-profit curve. 

The difference between surplus to society 
ESS, and the sum of consumer surpluses to 
an individual L. ESI, was derived above 
and equals x(p)[(i — A)pL — Nsc]. How- 
ever, from (7), we see that along the zero- 
profit curve, this difference equals zero. 
Therefore, along the zero-profit curve, the 
two measures ESS and L» ESI attain their 
maximum values at the same points. 


We see then that if individual consumer 
preferences are represented by ESI, then 
just as in deterministic markets, a competi- 
tive equilibrium will maximize the expected 
value of the total ESS. Notice that price 
exceeds c and firms earn zero-expected 
profits when expected surplus is maxi- 
mized.” These results contrast sharply with 
those of other models that appear in the 
public finance literature (see Brown and 
Johnson; Michael Visscher), and deal with 
a similar type of problem.” The results of 
those other models imply that to maximize 
expected surplus to society, price should in 
general be less than or equal to c, and hence 
firms should operate at an expected loss. 

The reason for the difference in results 
stems from the manner in which the ran- 
domness is introduced into the demand 
curve and the way goods are rationed. In the 
model under study, a firm’s demand is 
multiplicative and equals x( p) - i where x( p) 


251t should be mentioned that the result that ex- 
pected profits equal zero at the social optimum does 


not depend on the particular random process for de- _ 


mand. See the author (1977b). 

26To see the relation of the model of this paper to 
the peak load problem under uncertainty, reinterpret c 
as the fixed cost per unit. In the model the marginal 
variable cost 6 is taken as 0. If 8 is nonzero, prices 
would rise by 8. The model above suggests that under 
. certain assumptions p > c + £ is optimal. The pre- 
vious models in the literature suggest that p < c + £ is 
optimal. 
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equals per capita demand and i equals the 


tandom number of consumers who visit the 
firm. All customers face the same prob- 


ability of being rationed. In Brown and 
Johnson, rationing is done by willingness to 
pay with the demand for units that generate 
large consumer surplus being satisfied first. 
As Visscher points out, it is difficult to 
imagine how such a rationing scheme could 
be implemented without using a recontract- 
ing market. In Visscher’s models, more 
realistic rationing schemes are introduced, 
however only the case of additive demand 
uncertainty is analyzed. For most purposes, 
the multiplicative formulation would ap- 
pear more plausible.” See the author 
(1977b) for further discussion. 

If ESI does not represent|consumer pref- 
erences for the probability! of satisfaction 
1 — À, and the price p, then'Theorem 4 will 
not hold. However, if ESI does not repre- 
sent consumers’ preferences toward risk, 
then expected surplus is a very poor crite- 
rion to use as a measure of market per- 
formance in an uncertain environment.” In 
the next section, I allow the consumer to 
have quite general preferences for the prob- 
ability of satisfaction and the price, and 
examine how the introduction of an alter- 
native good affects thé analysis of the social 
optimum. 


X. The Social Optimum in a Simple 
Two-Good Model 


Let there be two goods on which each of 
the L consumers can spend their identical 
endowment Y. Good 1 is subject to short- 
ages, while good 2 is always available from 
the outside world at a constant price. The 
price of good | is p, while the price of good 
2 is one. As before, each unit of good 1 uses 
up c units of resources and must be pro- 
duced before any firm observes its random 
demand. Demand is random in the same 
manner as discussed previously. As usual, 
no firm can receive delivery of the good 


27This is one reason why econometric equations are 
specified so often in /og-/og form. 

28This point is not addressed by either Brown and 
Johnson or Visscher. 
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once a market period has begun. The gov- 
ernment owns each of the N firms that 
dispense good 1, and wishes to choose the 
same tax policy and operating policy for 
each of the N firms so as to maximize the 
expected utility of a representative con- 
sumer. The government faces the budget 
‘constraint that the sum of the firms’ ex- 
pected profits plus the total taxes collected 
or dispersed must equal zero. 

Let u(x,z) represent the von Neumann- 
Morgenstern utility function of each con- 
sumer where x denotes good | and z de- 
notes good 2. When good 1 is obtainable at 
price p, the utility of each consumer is given 
by V(p, Y), the indirect utility function. 
When good | is not obtainable, the utility 
of each consumer is given by u(0, Y). If 
1 — A represents the probability of obtain- 
ing good 1, then the expected utility of a 
representative consumer can be written as 


UL — àp) = (1 — AV(p, Y) + u(0, Y) 


‘The government seeks to determine a 
transfer T for each individual,” a price p, 
and a customer capacity s (recall that s 
refers.to the maximum number of custom- 
ers that can be serviced at any firm in any 
market period), so that the expected utility 
of each (identical) consumer is maximized. 
The government’s problem can be written 
as 


(10) mar (1 — As) Vip, Y + T) 

+ A(s) u(0, Y + T) 
subject to the budget constraint, 
(1) — (s,p) - (L/N)T = 0 


_ where t(s, p) is the expression for expected 
profits per firm, which can be written as 


(12) m(s,p) = (1 -ASDP E x(p) — esx(p) 


where 1 — A(s) is the expression for the 

probability of satisfaction as a function of 

customer capacity s, and is given by (3). 
From the statement of the problem, we 
29The variable T is the transfer from the firms to 


each consumer. Hence, if T < 0, consumers pay a tax 
while firms receive a subsidy. 
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see that if (and only if) the transfer T equals 
0 in the socially optimal solution, then it 
follows that a competitive equilibrium will 
also be the socially optimal point since both 
points maximize expected utility subject to 
the constraint that expected profits are zero. 
In general, there is no reason to expect that 
the optimal solution to the above problem 
will have T = 0, so that a competitive 
equilibrium will usually not represent the 
social optimum. The social optimum will 
usually involve either taxes or subsidies for 
the firms who sell good 1, the good subject 
to shortages. In such cases government 
intervention into a competitive market may 
be called for. 

In order to investigate the conditions un- 
der which either taxes or subsidies will be 
paid in the social optimum, it is necessary 
to make an assumption about consumers’ 
preferences. 


Assumption 1: The marginal utility of an 
extra dollar, when good | is obtainable, is 
higher than the corresponding marginal 
utility when good | is unobtainable. More 
precisely, V(p, Y) > u,(0, Y) for all p, Y, 
where the subscripts denote partial differ- 
entiation. 


The assumption reflects the idea that the 
greater the variety of goods that can be 
purchased, the higher is the marginal utility 
of an extra dollar. (One sufficient condition 
for this assumption is that u, > 0.) Given 
the above assumption, the following theo- 
rem holds. 


THEOREM 5: Under Assumption 1 and the 
assumption that per capita demand depends 
positively on income, the social optimum in- 
volves operating the N firms that sell good \ 
at a loss and using lump sum taxes to sub- 
sidize their operation. 


PROOF: 
See the Appendix, Section B. 


Under Assumption 1, the socially opti- 
mal solution involves operating the N ` 
firms that produce good 1 at a loss, and 
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using lump sum taxes to subsidize these 
firms’ revenues. Since a single price com- 
petitive equilibrium involves zero profits, 
we see that government intervention into a 
competitive market may be necessary to 
achieve the social optimum.” 

The heuristic reason why, under Assump- 
tion 1, it is optimal to tax consumers and 
pay subsidies to firms can be seen as fol- 
lows. There are two states in which the con- 
sumer can wind up, one where he can pur- 
chase the good at the market price and one 
where he cannot. Under Assumption 1, the 
last dollar is more valuable in the state in 
which the good is obtainable than in the 
state in which the good is unobtainable. A 
person could increase his utility if he could 
in some way transfer part of his income be- 
tween the two possible states. Such trans- 
fers of income are impossible in the prob- 
lem under examination. (Remember no 
insurance or recontracting markets exist.) 
However, what is possible is that the gov- 
ernment can use taxes to reduce the income 
of a consumer in both states and subsidize 
the operation of firms that produce the 
good, and thereby reduce the price of the 
good subject to shortages. In this way, a 
transfer of purchasing power can occur be- 
tween the two possible states in which the 
consumer can find himself. It turns out that 
this price reduction is always sufficient to 
overwhelm the decline in income, so that 
under Assumption | imposing some taxes 
always raises expected consumer utility. 

Theorem 5 tells us that a competitive 


30As should be clear from the proof of the theorem, 
if we replace Assumption 1 with the (less plausible) 
assumption that the marginal utility of income declines 
as the variety of goods increases, then in the social 
optimum firms would be taxed and consumers subsi- 
dized. Under the assumption that V(p, Y) = u(0, Y) 
(as in Section IX) the optimal tax is zero (see the Ap- 
pendix, Section B). Competitive equilibrium is optimal 
in this special case. In the more general formulation of 
random demand in which the consumer has the 
possibility of not desiring the good (see the discussion 
in Section I about state of nature a)), there is another 
term in the expression for E(U) for this additional 
state of nature. An assumption that the marginal 
utility of income is lower in this state of nature than in 
those where the consumer desires the good is then 
sufficient for Theorem 5 to hold. 
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equilibrium will not achieve the social 
optimum. Can we say whether, under As- 
sumption 1, a competitive equilibrium will 
devote too few resources to the production 
of good 1 and/or will involve a higher price 
for good | than occurs in the social opti- 
mum? Without further restrictions, all that 
can be said is that in the social optimum 
either the probability of satisfaction (or 
equivalently the customer capacity, s) will 
be higher and/or the price of good 1 will be 
lower than in a competitive equilibrium. 
We expect the normal case to involve an 
increase in the probability of satisfaction 
1 — À, and a decrease in the price p. For 
this normal case it immediately follows that 
under Assumption | a competitive equilib- 
rium will involve devoting too few re- 
sources (i.¢., csNx(p)) to the production 
of the good that is subject to shortages, 
when compared to the social optimum. 


XI. Summary and Conclusions 


This paper has examined the behavior of 
markets characterized by price inflexibility, 
demand uncertainty, and production lags. 
It appears that many markets in the private, 
regulated, and government sectors are bet- 
ter described by the model examined here 
than by the traditional supply and demand 
model. Examples of markets described by 
the models of this paper include transporta- 
tion, manufacturing, retailing, electric utili- 
ties, restaurants, hotels, and public parks. 

Natural features of the markets studied 
here are that buyers and sellers will always 
have some probability of being unable to 
buy or sell all they want of the good. Supply 
will not in general equal demand. Price will 
exceed average production cost of the 
goods that are sold. It was possible to prove 
that as the size of the market increased, the 
equilibrium under uncertainty converged 
percentage-wise to that under certainty. 
Numerical calculations suggested that the 
customer per firm ratio might have to be 
unrealistically large before close conver- 
gence occurred. The social welfare implica- 
tions of markets under uncertainty differ 
from those under certainty. In the special 
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case where expected consumer surplus re- 
flects consumer’s preferences, a competi- 
tive equilibrium is optimal. This result 
contrasts with previous results in the litera- 
ture. In general though, the competitive 
equilibrium is not socially optimal, and 
the conditions under which subsidization 
would occur were derived. 

The models examined here are rich in 
their implications. Demand uncertainty im- 
poses costs on a firm in the form of poten- 
tial idle capacity. Firms have an incentive 
to stabilize their random demand by finding 
“loyal” customers. Such loyal customers 
get a price discount because they enable a 
firm to better plan its production. In terms 
of the model, any customer willing to order 
in advance need pay only c for the product. 
Customers not willing to order in advance 
pay a higher price for the privilege of only 
buying occasionally. Newspaper subscrip- 
tions illustrate this point nicely, Coupons in 
packages are another example where ran- 
dom buyers pay a higher price than repeat 
buyers. Special favors and discounts for 
steady customers provide a final important 
example, 

When the customers are interpreted as 
firms purchasing inputs, we obtain a model 
where firms might consider vertically inte- 
grating (or signing long-term contracts) to 
better assure themselves of supply at a 
lower than market price. Any firm with cer- 
tain demand could supply its own needs at 
a price below the market price. In the mar- 
kets under study, externalities can occur 
when supplying firms cannot distinguish 
among customers with differing demand 
uncertainties. Firms might vertically inte- 
grate to escape paying for the costs that 
someone else’s uncertainty imposes on the 
market. (See the author, 1976, for an ex- 
amination of vertical integration.) 

This paper emphasizes that the behavior 
of markets characterized by price inflexibil- 
ity, demand uncertainty, and production 
lags differs in important respects from that 
of traditional deterministic markets. Be- 
cause of the prevalence of these “‘nontradi- 
tional”? markets in the economy, their fur- 
ther study definitely seems warranted. 
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APPENDIX 
A 


Define the expected shortage M for one 
firm with customer capacity s as 


M(s) = È G- s)pr(i) 


or M(s) = X (i -= SPD + E- s)pr(i) 
or M(s) = —oN*(u) — uo(l — F(u)) 
where u = (s — 35)/o,5 = L/N, 


L. aji l u 
o -yh No = 


5 = E(i), pr(i) = binomial probability that 
i of the L customers come to one store. 
Notice that y and o? are the mean and ap- 
proximate variance of this binomial pro- 
cess. Hence (i — 5)/o is approximately nor- 
mally distributed with mean 0, and variance 
12! If all firms follow the same operating 
policy then 


1— A(s) = 1- N-M/L or 
l — A(s) = 1 — M/o? or 
1 — A(s) = [o? + oN4(u) 
+ cull — F(u)l]/o? 


or defining I(s) = N“(u) — uF(u), we have 
1 — A(s) = (ol + s)/o?. 





ten 22? di 


B 


PROOF of Theorem 2: 
The Lagrangian for the government’s 
maximization problem can be written as 


(Al) £ (p,T,s,u) = (1 — Vp, Y + T) 
+ AUO, Y + T)- alo 7 Np = z s) 


x(p,Y + T- 47] 


where p is a negative Lagrange multiplier.* 


31§ee Feller, ch. 7. 

32The notation was defined beneath (6). Recall that 
is not a Lagrange multiplier, but is the probability of 
disappointment which is a function of s given in (3). 
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The first-order conditions are:3 


(A2) (1 - = uf ~ Nex 


sfa — A) =p — sex 


(A3) (1 - A)V + AU, = 


df — N= p — se [xa — L| 


dI- NN 


(aa) A 


r K pees 


JE N, E c| 
(A5) fa — X) xp — os|x = <r 


Substituting (A5) into (A2) and (A3), we 
obtain 
(A6) ‘(1 — XV = 


LT 
ate 2 yé. en Lr, 


and 
` | L 
CEE + AU; = fe Zo, 7 z 
Since V is an indirect utility function, we 


have that x = —V,/V,. Using this relation, 
rewrite (A6) as 


G -AV = 


LTx, V, 
song Ea} 


or 
LT% 
Nx x 


(L= A)V, = (—u) la -VE + 
or 
(A8) V= (-w) E p4 


From (A7) and the above assumption, it 
follows that 


33Subscripts denote partial differentiation. 
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(A9) 


Substituting the expression for. V, from 
(A8) into (A9), we have that 


or 
LT 
CDON Ex- u 


LTX 
EN x x 
or since —p > 0, 


(Al0) (—DTx,(1 — A) < x, 


or r( a) < T — A) 


If T > 0, then —x,/xx,< 1- Xd < 1, 
while if T < 0, then —X1/Xx2 > l — A. But 
from the Slutsky equation, we know that 
Xı + Xx, < 0 or —x,/xx, > 1. Therefore if 
T > 0, we obtain a contradiction. Hence 
only T < 0 is possible in the optimal solu- 
tion. 34,35 


34] am implicitly assuming that the optimal solution 
is an interior solution and satisfies the first- and 
second-order conditions. Corner solutions (T = — Y or 
s = 0) are assumed not to be optimal. 

35If we assume that x. > 0 and V2(p, Y) = 
u2(0, Y), then (A10) (with an equality sign) implies 
that the optimal T = 0. This result follows from the - 
fact that if x.(1 — A) equaled —x, /x, the Slutsky con- 
dition x, + x - x < 0 would be violated. 
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Market and Shadow Land Rents with Congestion 


By RICHARD J. ARNOTT AND JAMES G. MACKINNON* 


It is well known that when there are im- 
perfections in the economy, shadow prices 
should be used instead of market prices in 
cost-benefit analysis. A major imperfection 
in urban economies is that residents do not 
pay the social cost of the congestion they 
create. As a result, market and shadow land 
rents may be different. This paper investi- 
gates the relationship between the two. The 
conventional view, expressed by Robert 
Solow, is that the shadow rent on land in 
residential use always exceeds the market 
rent. One major result of our paper is that 
this conclusion is shown to be incorrect. We 
also examine the shadow rent on land in 
transportation, and show that it may be 
negative. 

This subject is of considerable interest for 
policymakers. Many urban public expendi- 
tures, such as the construction of roads and 
government buildings and the creation of 
public recreational land, involve the acqui- 
sition of land. If efficient decisions are to be 
made on such expenditures, it is clearly 
necessary for governments to know the 
shadow rent on land. Also, when there are 
divergences between shadow and market 
rents, governments may want to intervene 
in the market to alter private decisions, 
which are socially inefficient since they are 
based on market rents. Governments may 
also want to change the pricing of trans- 
portation so as to reduce or eliminate the 
divergence between the private and social 
costs of congestion, which is responsible for 
the divergence between market and shadow 
land rents. William Vickrey (1963) has pro- 
posed various schemes which would do this. 
In Section III of this paper the income- 
equivalent benefit of ‘charging (almost) 


*Queen’s University. We would like to thank 
Ronald Grieson, William Vickrey, an anonymous 
referee, and participants of the Queen’s University 
Microeconomics Workshop for helpful comments. 
Remaining errors are our responsibility. 
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optimal congestion tolls is computed using 
a numerical simulation model. To the ex- 
tent that this model is realistic, we can pro- 
vide some indication of the expenditure that 
would be justified to implement a Vickrey- 
type scheme. 

Previous work on the relationship be- 
tween market and shadow land rents is not 
entirely satisfactory. Solow and Vickrey 
investigated analytically the effects of em- 
ploying an incorrect planning rule to de- 
termine road width in a model with a very 
restrictive technology, where all land is in 
commercial use. Yoshitsugu Kanemoto 
(1975, 1976) undertook similar analyses for 
models in which land use is industrial. 
Richard Muth (1975) used a simulation 
model to investigate whether too much or 
too little land is allocated to streets. Solow 
constructed a simulation model which per- 
mitted him to investigate whether, on aver- 
age, shadow land rents exceed market land 
rents on land in residential use, but not how 
shadow and market rents are related as a 
function of location. Kanemoto (1977) in- 
vestigated the relationship between shadow 
and market rents on residential land for 
the case where road widths are optimal 
given that congestion is not priced. Since it 
is doubtful that roads are approximately of 
second best optimal width, his results are 
not generally applicable. All these papers 
are, at least implicitly, concerned with the 
relationship between market and shadow 
land rents, but this is, to our knowledge, the 
first paper to deal explicitly with that re- 
lationship as a function of location, in a 
residential location theory model which is 
reasonably realistic. 

In Section I we investigate the analytical 
relationship between the market and shadow 
rent on residential land in the presence of 
unpriced congestion. We use a model simi- 
lar to Solow’s. The conventional argument 
concerning this relationship is shown to be 
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faulty. In Section II a numerically solvable 
residential location model and the technique 
“used to solve it are described. In Section IH 
this simulation model is used to investigate 
the relationship between the market and 
shadow rents on residential land and the 
shadow rent on land used for transporta- 
tion, and to estimate the benefits from 
charging congestion tolls. In Section IV 
other factors affecting the relationship be- 
tween market and shadow rents are dis- 
cussed briefly. 


I. The Relationship Between Shadow 
and Market Rents 


Shadow rents can be computed in a num- 
ber of different ways. In this paper, the 
following procedure is adopted. To ascer- 
tain the shadow rent on residential land at a 


particular location, add a small amount of ` 


residential land at that location, and solve 
for a new equilibrium using lump sum 
transfers to ensure that all city residents 
achieve their previous level of utility. The 
shadow rent is then the money saved by the 
government as a result of the land being 
added, divided by the amount of land that 
was added. Alternatively, a small amount 
of land could be subtracted, and the shadow 
rent would be the additional money spent 
by the government in order to keep resi- 
dents at their previous utility level, divided 
by the amount of land that was subtracted. 
In the limit, of course, these two procedures 
give identical results. 

A major conclusion is that when conges- 
tion is unpriced, the value to society from 
_ adding land to roads is, in general, not equal 
to the direct transport savings associated 
with the land addition. A (compensated) 
transport improvement or the (compen- 
sated) addition of residential land results in 
residents expanding lot size on average, and 
in an increase in traffic flow at every loca- 
tion. This increased flow causes an increase 
in the excess burden associated with con- 
gestion not being priced. The conventional 
argument ignores this, and by doing so in- 
correctly computes shadow rents. It comes 
to the erroneous conclusion that the shadow 
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rent on residential land always exceeds the 
corresponding market rent (except at the 
boundary where they are equal). These 
points are now elaborated. 

Consider a very simple residential loca- 
tion theory model similar to those dealt 
with by Solow and Kanemoto (1977). The 
city has a fixed population of households 
with identical tastes and incomes, who de- 
rive satisfaction from land and from other 
goods. All markets are competitive, so that 
residents have equal utility in equilibrium. 
Every day, all residents must commute to 
and from the central business district 
(CBD). That is the only travel which occurs. 
Also, land is homogeneous. Thus, locations 
are differentiated solely on the basis of ac- 
cessibility to the CBD, which is measured 
by x. A resident may consume land at only 
one location. The lot size of the resident at 
x is denoted by T(x), market and shadow 
land rents by r(x) and s(x), respectively, 
nonland consumption of the resident at x 
by C(x), and the population between x and 
x + dx by n(x)dx. The boundary of the city 
is at xê, and the land rent at the boundary, 
r(x*), is equal to F, the exogenous rent on 
land in agricultural use. 

There is only one transport artery (or, 
equivalently, many identical ones), so that 
the number of travellers on it at rush hour, 
Q(x), equals the number of residents who 
live between x and the boundary of the city; 
i.e., 


xb 
(1) Q(x) = J. n(x’)dx' 


Transport costs between x and x + dx are 
g{w(x), O(x)]dx, where w(x) is the width of 
the road. The dependence of transport costs 
on w and Q reflects flow congestion in 
transportation. As the number of travellers 
on the road increases, so do transport costs 
(gg > 0), and as the width of the road in- 
creases, transport costs decline (g,, < 0). 
Now consider what happens when an 
amount of residential land T(x*) is added 
to the residential land available at location 
x*, This is exactly the amount of land oc- 
cupied by each resident at x*. If it is as- 
sumed that lot sizes remain fixed, the net 
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effect of the addition must be the movement 
of one resident from the boundary of the 
city to x*, The shadow rent of the added 
lot, s(x*)T(x*), is the income that the gov- 
ernment can extract and still leave every- 
one with the same allocaticns they had be- 
fore (or, in the case of the mover, with the 
same allocation as other residents at x*). 
This is the sum of three components: the re- 
duction in aggregate transport costs, the 
mover’s reduction in expenditure on other 
goods (which is typically negative), and the 
income derived from the vacated lot at the 
edge of the city (which can now be used for 
agriculture). 

The mover’s transport costs are reduced 
by 

x? 


(2) Je gdx 


Since he no longer travels between x? and 
x*, the number of travellers on the road be- 
tween x’ and x* decreases by one, which re- 
duces travel costs of residents between x* 
and xt. The reduction in transport costs be- 
tween x and x + dx, where x lies between 
x* and x?, is 


(3) Q(x) 8 9(x)dx 


The transport costs of those living between 
0 and x* remain the same. Thus the total re- 
duction in transport costs is 


x? 


xo 
(4) J. gdx +f. @eodx 


The income derived from the vacated lot 
is r(x?) T(x*). The reduction in the mover’s 
expenditure on other goods is 


(5) C(x?) ~ C(x*) = r(x*) T(x*) : 
— r(x’) Tix’) — S: gdx 


from the mover’s budget constraints at x* 
and x’. Adding up these three terms yields 


xb 
(6) s(x*)T(x*) = fa Ogodx 

+ r(x*) T(x*) 
Rearrangement of (6) then yields 


xb 
(7) (s(x*) - r(x) T@*) = Je Ogodx 
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Expression (7) indicates that the shadow 
rent on the added lot exceeds the market 
rent by an amount equal to the value of 
transport savings to the nonmovers result- 


` ing from the decrease in congestion between 


x* and x*. Since these savings must be posi- 
tive for all x* less than x’, s(x) must exceed 
r(x) at every location, except at the bound- 
ary where they are equal. The slope of the 
market rent gradient reflects a resident’s re- 
duction in transport costs resulting from his 
moving from x + dx to x. The slope of the 
shadow rent gradient, however, reflects the 
sum of the resident’s reduction in transport 
costs and the reduction in nonmovers’ 
transport costs resulting from the move. 
Since, with the specified assumptions, con- 
gestion is always reduced by such a move, 
the shadow rent gradient is always steeper 
than the market rent gradient at a particular 
location. Thus, the shadow rent exceeds the 
market rent by an increasingly large amount 
as distance to the city center is reduced. 

The foregoing argument is correct, given 
the assumption that lot sizes remain fixed. 
However, the addition of land increases the 
supply of land in residential use. As a result, 
rents fall on average, causing residents to 
substitute land for other goods in consump- 
tion. Average lot size increases, and more 
people travel on the road at all locations, 
relative to the situation after the addition of 
land but before lot sizes adjust. Conse- 
quently, the amount of unpriced congestion 
at all locations increases, and also the ex- 
cess burden associated with the unpriced 
congestion. By assuming that lot size is 
fixed, the conventional method of calculat- 
ing the shadow rent on residential land 
yields a measure of the shadow rent that is 
consistently biased upwards by an amount 
equaling the increase in excess burden. 

A similar argument can be made for the 
shadow rent on land used in transportation. 
If one assumes that lot sizes do not adjust 
in response to the addition of land to the 
road at some location x*, the shadow rent 
on land in road use there is computed as 


(8) — O(x*) g,,(x*) 


which is the number of road users at that lo- 
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cation, Q(x*), times the travel savings to 
each when the road is widened by one unit 

` for a distance of one unit, —g,(x*), or 
simply the direct transport savings as- 
sociated with the addition of the land. But 
since it ignores lot size adjustment, which 
increases the excess burden associated with 
unpriced transportation congestion, this 
measure also consistently overstates the 
true shadow rent.! 


II. A Simulation Model 


The conventional argument suggests that 
the shadow rent on land in residential use 
always exceeds the market rent. In the pre- 
ceding section it was argued that the shadow 
rent, correctly measured, is less than the 
shadow rent measured according to the 
conventional argument. The obvious ques- 
tion that arises is: can the shadow rent on 
residential land be less than the market 
rent? To answer this question, a simulation 
model which requires numerical solution is 
constructed. The model is described in this 
section, and the results of several simula- 
tions are presented in Section III. 

This model is similar to Solow’s, which 
was also solved numerically, but is sub- 
stantially more complicated and realistic. 
It incorporates three of his four suggested 
extensions: ‘“‘... (1) the explicit inclusion of 
housing in addition to land as a residential 
cost; (2) the allowance for both time costs 
and out-of-pocket costs of commuting; (3) 
the use of a congestion-cost function that 
rises more than proportionally with traffic 
density ...” (p. 617). Solow’s fourth sug- 

_ gestion, that two or more income classes be 


'Cost-benefit analysts are concerned with values 
rather than rents. Because of the durability of hous- 
ing, it may take a long time for the city to adjust to a 


lot addition or the widening of a road. In a stationary 


economy, value may usefully be viewed as a weighted 
average of the capitalized value of long-run rents 
(we compute long-run rents) and the capitalized value 
of short-run rénts. (By implicitly assuming fixed lot 
sizes, Solow computes short-run rents.) The weight 
depends on the speed of adjustment of the economy. 
The various qualitative propositions we develop con- 
cerning rent relationships apply also to value rela- 
tionships. 
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dealt with, was incorporated in one simula- 
tion run, but since this paper focuses on 
issues of efficiency rather than of distribu- 
tion, only the one-group model is described 
here. 

The city has a population of 1 million 
households, each of which has an annual 
after-tax income of $13,000, and an indirect 
utility function 


(9) U = YP;’r 


where Y is income net of money transport 
costs (inclusive of toll charges, where ap- 
plicable), P, is the rental price of housing, 
and 7 is defined by 


(10) r = 1— .125 Time 


where Time is the amount of time, in hours, 
it takes to get to the CBD. Thus if Y and P, 
did not depend on the household’s location, 
which of course they do, utility would de- 
cline linearly with the time it takes to get to 
the CBD, reaching zero at a travel time of 
eight hours. Equation (9) implies that the 
household spends 30 percent of its income 
net of transport costs on housing, and 70 
percent on other goods. The functional 
form (10) is justified in the authors’ article 
(1977b). What matters for the purposes of 
this paper is that utility declines, ceteris 
paribus, as the time spent commuting in- 
creases, 

Housing is treated as a nondurable good, 


` which is produced in a perfectly competitive 


market at each location. The rent on hous- 
ing is determined by a constant elasticity of 
substitution (CES) cost function, 


(11) P, = (1r? + 9 Pays 


where r is the rent on land, which varies 
across locations, and Ps is the rent on a 
unit of structure, which is assumed to be 
$1,300. The above cost function implies that 
the elasticity of substitution in the produc- 
tion of housing is .7, a figure in line with 
empirical work by Muth (1971) and Roger 
Koenker. 

For purposes of numerical solution, the 
city is divided into a number of concentric 
rings each half a mile wide, around a CBD 
with a radius of one mile. One member of 
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every household which lives in ring i is as- 
sumed to commute from the midpoint of 
the ring, making 250 round trips or 500 
one-way trips per year. Since money trans- 
port costs are assumed to be 15¢ per mile, 
regardless of congestion, the net income of 
a household which lives in ring / is 


(12) Y = 13,000 — (500)(.15) 


-(1.0 — .25 + 52) 
12,943.75 — 37.5i 


tt 


i 


Dividing the city into discrete rings in- 
evitably introduces some inaccuracy, but 
since the maximum difference between 
where a household lives and where it is as- 
sumed to live is only one quarter of a mile, 
this is quite small. 

The treatment of congestion in existing 
urban models is not very satisfactory. Only 
flow congestion is considered. Congestion 
associated with intersections and with entry 
to and exit from the traffic flow, and queu- 
ing phenomena are ignored. The latter may 
be important, and may have striking im- 
plications for the relationship between 
shadow and market land rents. Dan Usher 
has developed a location theory model in 
which the only form of congestion is queu- 
ing congestion, and obtained the result that 
the market rent on land always exceeds the 
shadow rent. Consider a very simple version 
of his model, in which the city is a long 
narrow parking lot, At one end of the park- 
ing lot is a gate, through which traffic flow 
is limited. Every morning residents get in 
their cars and wait their turn to go through 
the gate into the CBD. Waiting is the only 
cost of travel. Clearly, residents will be 
willing to pay more for locations nearer the 
gate, because the length of their wait de- 
pends on their position in the queue. Thus 
market rents decline monotonically with 
distance from the gate. Now suppose that 
a new parking place is created. Its shadow 
rent is clearly just the opportunity rent on 
land in other uses, because moving some- 
one from another space into the new one 
does not change aggregate congestion at all; 
it simply frees up a parking space elsewhere. 
The market rent on the last space in the 
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queue is also the opportunity rent on land 
in other uses, which is equal to the shadow 
rent on every space in the queue. But the 
market rent on all spaces except the last ex- 
ceeds the market rent on the last space. 
Thus in Usher’s model, market rents always 
exceed shadow rents, except at the bound- 
ary where they are equal. 

The conventional modelling of conges- 
tion in urban models not only ignores forms 
of congestion other than flow congestion; 
its treatment of flow congestion is also un- 
satisfactory. The assumed specifications of 
flow congestion imply that there is no maxi- 
mum feasible flow; flow can always be in- 
creased at some cost in time. But traffic en- 
gineering studies (see Institute of Traffic 
Engineers, pp. 271-76) suggest that there is 
a maximum flow, and that if traffic tries to 
exceed it, flow is actually reduced and 
queuing must occur. To model this phe- 
nomenon realistically would be very diffi- 
cult, since the length of the queues must 
vary with the time of day. Moreover, when 
a person enters the queue depends not only 
on where he lives but also on when he be- 
gins the journey to or from work, which 
should be determined endogenously. Be- 
cause of these difficulties, we have chosen 
with some reluctance to follow the con- 
ventional modelling of congestion. It should 
be emphasized that the results obtained in 
this paper are contingent on the treatment 
of congestion. 

The specification of the flow-congestion 
function is now considered. Most authors 
do not distinguish between the time and 
money costs of commuting. Observation 
suggests, however, that congestion has a 
large effect on time costs, but only a small 
effect on money costs. It is assumed here 
that money costs are unaffected by conges- 
tion, but that time costs are related to 
flow per unit width of road. Specifically, 


(13) t(x) = t[Q(x)/w(x))] 


where t(x) is the time required to travel a 
mile at x, Q(x) is the number of households 
living beyond x, and w(x) is the width of the 
road in feet times forty. Width is measured 
in this way so that Q(x)/w(x) equals unity 
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with “normal” traffic flow. The factor of 40 
enters since the rush hour is assumed to be 
one hour long, and since normal traffic flow 
is defined to be forty cars per hour per foot 
of road width. 

A number of additional stylized facts 
were employed in choosing the specific 
functional form of (13). Before introducing 
them, it is necessary to develop some ter- 
minology. Define the private congestion 
zost at x, PC(x), to be the increase in the 
time required for an individual to cover a 
mile at x due to the presence of others on 
the road; i.e., PC(x) = 1[Q(x)/w(x)] —- 
t[0/w(x)]. Total travel time on a mile of 
road at x is t(x)Q(x). When one more 
traveller is added, the increase in total travel 
time is 
(14) t(x) + tox) Q(x) 


The first term in (14) is the private cost to 
the traveller; the second term, the conges- 
tion externality (in time units) imposed by 
the marginal traveller on other persons on 
the road. This latter term is defined to be 
the marginal congestion externality at x, 
MCE(x). 

The additional stylized facts that we con- 
sidered were that: 

(i) free flow speed be reasonable; 

(ii) the elasticity of private conges- 
tion with respect to flow exceed unity (@PC/ 
8Q)(Q/PC) > 1); and 

(iii) the ratio of the marginal conges- 
tion externality to private congestion should 
be an increasing function of Q, where? 


MCE 


The flow congestion function employed 
in this paper is 


2Solow argued for the use of (but did not himself 
>mploy) “a congestion-cost function that rises more 
‘han proportionally with traffic density ...” (p. 617). 
Since Solow took Q(x) as a proxy for density, rather 
than flow, we took his statement to mean that 
(aPC/aQ)(Q/PC) > 1. Thus (ii) is Solow’s stylized 
fact. Vickrey {1969) implies that the ratio of MCE 
to PC should be an increasing function of Q. Thus 
(iii) is Vickrey’s stylized fact. 
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(15) t(x) = to exp [a(Q(x)/w(x))?] 


B2 la>O,t>O0 


It is easy to show (see the authors, 1976) 
that this functional form satisfies the above 
stylized facts; however, the flow congestion 
function used most commonly in the litera- 
ture, 


(16) t) = to + kK(Q(x)/w(x))’, 


a>0,k>0,t)>0 


does not. Thus (15) is the better functional 
form. 

In the simulation runs, tọ was set at 1/35, 
which implies a free flow velocity of 35 
miles per hour; the other two parameters of 
(15) were chosen to result in a reasonable 
speed gradient for rush hour traffic, and 
were varied over the simulation runs. The 
amount of land devoted to streets was also 
varied over the simulation runs, while the 
amount of land devoted to housing was set 
equal to half the potentially available land 
in each ring beyond the CBD. This reflects 
the fact that much land in real cities is used 
for purposes other than housing and roads. 

The model was solved using a variant of 
the technique employed by the authors 
(1977a,b), which makes use of a simplicial 
search algorithm called the Vector Sand- 
wich Method (see MacKinnon) which is 
similar to the algorithms developed by 
Herbert Scarf. At each iteration, the al- 
gorithm “‘tries out” a rental price of hous- 
ing at the center of the city. From this can 
be calculated the utility level achievable by 
a household living at the city center, which 
must be the utility level achieved every- 
where else as well. Flow through the first 
ring is always 1 million people, so that time 
cost for households in the first ring can be 
calculated, and that, along with the utility 
level they must achieve, implies the rents 
on housing and land they must face, which 
in turn determines how many people can fit 
in the first ring. Flow through the second 


3Actually, the flow congestion function in the 
literature is of this form, but treats money expendi- 
ture rather than time expenditure. 
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ring can now be determined, hence its prices 
and population, and so on through the 
rings. The algorithm then searches for a 
rental price of housing at the center such 
that, when all residents are housed, the rent 
on urban land at the edge of the city is 
equal to the predetermined rent on agri- 
cultural land of $750 an acre. 

In order to compute the shadow rent on 
residential land as a function of location, 
the model is first solved as above, and the 
level of utility achieved in this base solu- 
tion stored. The model is then solved a 


number of times, with 100 acres of residen- ` 


tial land added to each even-numbered ring 
in turn (odd-numbered rings were not in- 
cluded to save computer time).* In these 
simulations, utility is prespecified to equal 
the level achieved initially. The algorithm 
varies lump sum transfer payments from 
the government so that this is achieved, as 
well as varying the rent cn housing at the 
center so that, when all residents are housed, 
the land rent at the edge of the city equals 
the agricultural land rent. The shadow rent 
on residential land in ring i is then calcu- 
lated as 


(17) (-TP + ADLR + 75,000)/100 


where TP is the total transfer payments by 
the government to the households, ADLR is 
the change in differential land rents between 
the base solution and the compensated solu- 
tion with added land, and 75,000 is the 
value of the added land in agricultural use 
(100 acres at $750 per acre). Note that the 
government is treated as owning all the land 
in the city. This is equivalent to assuming 
absentee landlords, who are also compen- 
sated in the new equilibrium (so that the 
land rents they receive are unchanged). 

The shadow rent on land in transporta- 


.4The choice to add 100 acres rather than say, to 
subtract 50, is purely arbitrary, One hundred acres is 
small relative to the land available in any ring (about 
6 percent of the land available in ring 2, and about .8 
percent of the land available in ring 24), but not so 
small that round-off errors become important in the 
evaluation of (17). We experimented with other 
values, and found the calculated shadow rents quite 
insensitive to the choice, and certainly more than ac- 
curate enough for the uses to which they will be put. 
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tion is calculated the same way as the 
shadow rent on land in residential use, ex- 
cept that only 50 acres are added to the land 
used for roads in every even-numbered ring 
in turn. Since there were generally around 
22 occupied rings, calculating the shadow 
rents on land in transportation and in resi- 
dential use for all even-numbered rings, re- 
quired that the simulation model be solved 
around twenty-three times. This required 
about four minutes of processing time on a 
Burroughs B6700. 


HI. Simulation Results 


In the first subsection, results are pre- 
sented for the base case city; in the second, 
the effects of some alternative specifications 
of the road width and congestion functions 
are considered; and in the third, the ef- 
ficiency gain from imposing a congestion 
toll is evaluated. 


A. The Base Case City 


In the base case city, the parameters of 
the congestion function (15) area = .6 and 
8 = 1.0 (in all runs tọ = 1/35). The char- 
acteristics of this function were discussed in 
the last section. At the normal flow where 
Q/w = 1, private congestion is 1.41 minutes 
time loss per mile, and the marginal con- 
gestion externality is 1.87 minutes time loss 
per mile. Thus MCE/PC is 1.33 for Q/w = 
1; for O/w = 0 it is 1.00, and for Q/w = 2 
itis 1.71. 

The road width function, which gives 
forty times the width of the road in feet, as 
a function of location, is 


(18) w(x) = 211,200(.1x + .5)r 


Thus the width of the road increases with x. 
Since the city is circular, the proportion of 
land used for the road is (.05 + .25/x), 
which decreases with x. This function seems 
roughly realistic: 30 percent of the land is 
used for roads at the edge of the CBD, com- 
pared with 10 percent five miles from the 
center of the city. 

Some of the characteristics of the simu- 
lated city are presented in Table 1. The 
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TABLE 1—CHARACTERISTICS OF THE BASE Case CiTy* 
First Ring Middle Ring Boundary Ring 
Distance from the city center in miles 1.25 6.25 11.75 
(1.25) (6.25) (11.25) 
Land rent per acre 19540 4456 768 
(34048) (4257) (771) 
Structural density $ 1.377 .489 -143 
(2.032) (.474) (.143) 
Housing price, 1,000 square feet 1928 1504 1238 
equivalent (2171) (1495) (1238) 
Housing quantity, 1,000 square 2.008 2.500 2.937 
feet equivalent (1.848) (2.506) (2.923) 
Land share in housing .2003 1385 .0867 
(.2284) (.1369) (.0867) 
Speed (mph) 8.24 23.21 34.46 
(8.24) (24.47) (34.46) 
Cumulative travel time in hours .0304 3809 5689 
per trip (.0304) (.3663) (.5335) 
Proportion of land used for roads .2500 .0900 0713 
(.2500) (.0900) (.0713) 
Cumulative toll ($/year) 0 0 0 
(74.35) (590.53) ° (636.65) 





2 Numbers in parentheses refer to the same city with a congestion toll imposed. 


numbers in parentheses refer to the same 
city with a congestion toll imposed (see Sec- 
tion IIIc). The base case city is in most re- 
spects quite similar to actual cities with 
1 million households (for example, To- 
ronto). The radius of the city is 11.75 miles. 
Structural density (square feet of floor area 
per square foot of residential land) varies 
from 1.377 at the center to 0.143 at the 
boundary of the city, a factor of about 10. 
Land rent varies by a factor of about 25, 
while the rent on housing varies by a factor 
of about 1.5. All these gradients are convex, 
as expected. Traffic speed increases from 
8.24 miles per hour in the innermost ring to 
34.46 miles per hour in the boundary ring, 
while cumulative travel time reaches about 
35 minutes per trip at the boundary. 

Figure 1 shows the relationship between 
the shadow rent on land in transportation 
computed correctly (curve I), the shadow 
rent on residential land computed correctly 
(curve II), and the market rent on residential 
land (curve III). Curves I and II differ be- 
cause the road width is not second best 
optimal; comparison of those two curves 
suggests that road width is less than optimal 
up to about 6 miles from the edge of the 


CBD, beyond which it is greater than op- 
timal.’ Certainly the road is too wide at the 
edge of the city, since traffic flow goes to 
zero there, as does the shadow rent on land 
in transportation. 

More interesting is the comparison be- 
tween curves IJ and III. Curve II lies above 
curve III from the center of the city to ring 
8, but below curve III from ring 9 to the 
boundary of the city; that is, the market rent 
on residential land is less than the correspond- 
ing shadow rent in the inner section of the 
residential area, but exceeds the shadow rent 
in the outer section. An intuitive explanation 
of this is the following. Compare the effects 
of adding a lot at x,, which is near the cen- 
ter of the city where there is considerable 
transportation congestion, equal in size to 
existing lots at x,, to the effects of adding 


5This statement is only true in the sense that widen- 
ing the road at a location where the shadow rent on 
land in road use exceeds the shadow rent on land in 
residential use will result in a Pareto improvement 
when no other changes are made. If the road width 
is altered at other locations, the shadow rents on land 
in both road and residential use will change at this 
location, so that, when road width at other locations 
has been adjusted optimally, it may actually be de- 
sirable to narrow the road at this location. 
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a lot at x,, which is near the boundary of 
the city where congestion is negligible, 
equal in size to existing lots at x,. Note that 
this implies that the amount of land added 
at x, must be considerably greater than the 
amount added at x,. We have argued that 
the difference between the shadow rent and 
market rent on a residential lot can be 
separated into two components: first, the 
reduction in transport costs, induced by the 
lot addition, beyond the location where the 
lot was added, lot sizes fixed, which by itself 
would cause the shadow rent to exceed the 
market rent; and second, the effects result- 
ing from general equilibrium lot size adjust- 
ment, which by themselves would cause the 
shadow rent to be less than the market rent. 
From (7), the first effect is larger the nearer 
is the lot to the city center because more 
people’s travel costs are reduced. The 
magnitude of the second effect depends on 
how much people will expand their lots as a 
result of the addition of the lot; this can be 
expected to be more or less the same whether 
the lot is added near the center of the city or 
near the boundary. On balance then, one 
would expect the shadow rent on a lot 
minus its market rent to fall the further is 
the lot away from the city center. Further- 
more, since the first effect becomes negligible 
near the boundary of the city, while the 
second does not, one would expect the 
market rent on a lot near the boundary to 
exceed the corresponding shadow rent. 
Figure 2 shows the difference between 
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FIGURE 2 


the shadow and market rent on residential 
land as a function of location. Curve I 
shows this relationship when shadow rents 
are computed assuming lot size fixed; curve 
II, when shadow rents are computed cor- 
rectly. The figure demonstrates the con- 
ventional result that the shadow rent on 
residential land computed assuming lot size 
fixed always exceeds the market rent. Also, 
in this simulated city, the shadow rent 
computed on the assumption of fixed lot 
size everywhere overstates the true shadow 
rent on residential land. The same is true of 
the shadow rent on land in transportation 
(not shown). 


B. Other Cities 


A number of other simulations were per- 
formed using different parameter values. In 
most cases, they yielded results qualitatively 
similar to those of the base case. One some- 
what bizarre city did yield a new result, 
however. 

This city differed from the base case in 
two ways. First, the parameters œ and @ of 
the congestion function were 0.2 and 3.0, 
respectively. With these parameters, MCE/ 
PC is 3.00 for O/w = 0, 3.33 for O/w = 1, 
and 6.02 for Q/w = 2. The effect of these 
parameter changes is to make speed less 
sensitive to increases in flow for flows less 
than normal flow, and more sensitive to 
such increases for flows greater than normal 
flow. Second, the road width function was 
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(211,200 (.603 — .03768x)m 
for x S 5.75 
E < 
(19) WO) =< 211,200 (7537r 
for x > 5.75 


This road narrows to a distance 5.75 miles 
from the city center, and then suddenly 
widens and remains of constant width. 

With these congestion and road width 
functions, this city is extremely congested 
in the inner portion of the residential area. 
Speed in the first residential ring is only 
0.64 miles per hour. Congestion gradually 
decreases as one moves away from the cen- 
ter, until 5.75 miles away speed is 16.71 
miles per hour. Then traffic speed jumps up 
as a result of the sudden widening of the 
road, so that at 6.25 miles from the center 
it is 34.70 miles per hour, nearly free flow 
velocity. Travel time to the boundary is 108 
minutes. In the innermost ring, MCE/PC is 
12.2: for every minute a traveller loses due 
to congestion, he causes others to lose 12.2 
minutes. 

With such a bizarre city, one should ex- 
pect unusual and extreme results, and this is 
indeed the case. Figure 3 is comparable to 
Figure 1. The most remarkable feature of 
this city is the gradient of the shadow rent 
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FIGURE 3 
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on land in transportation. It is roughly $3 
million per acre 0.75 miles from the inner 
residential boundary, and falls sharply until 
it is —$24,389 per acre just before the road 
widens. Thus, the shadow rent on land in 
transportation may be negative. This can 
come about because the increased conges- 
tion elsewhere caused by widening the road 
at one location may exceed the direct sav- 
ings. 

At this point, it is useful to review what 
the simulation runs discussed in this sub- 
section and the preceding one have shown. 
They have shown that: 

1) the shadow rent on residential land 
correctly computed may be less than the 
shadow rent on residential land computed 
assuming lot size fixed (see Figure 2); 

2) the market rent on residential land 
may exceed the shadow rent in quite realistic 
circumstances (see Figures | and 2); 

3) the shadow rent on land in trans- 
portation correctly computed may be less 
than the shadow rent on land in transpor- 
tation computed assuming lot size fixed (no 
figure, but implied by Figure 3); and 

4) the shadow rent on land in trans- 
portation may be negative (see Figure 3).° 


6Subsequent to the writing of this paper, Arnott 
analytically solved what was characterized in this pa- 
per as the Solow model (which is simpler than the 
simulation model in this paper). His results support 
the verbal arguments in the text of this paper, and 
suggest that most of the qualitative characteristics of 
the simulation runs presented here hold generally 
(contingent on the modelling of congestion). His re- 
sults are summarized as follows. i) The measures of 
shadow rents computed ignoring lot size adjustment 
nearly always overstate the corresponding shadow rent 
computed correctly (nearly indicating a couple of cases 
where they are equal. ii) There is a critical location, 
x*. Between x* and the center of the city the shadow 
rent on residential land exceeds the corresponding 
market rent, while between x* and the boundary the 
shadow rent on residential land is less than the cor- 
responding market rent. iii) There is always a region 
near the boundary of the city where the shadow rent 
on land in road use is negative. iv) Between x* and the 
center of the city, the difference between the shadow 
and market rent on residential land monotonically in- 
creases. It should be noted that while these results 
probably extend to the more detailed model treated in 
this paper, this has not been proved. 
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C. Imposition of a Congestion Toll 


It would be difficult to impose an optimal 
congestion toll in the model of this paper. 
The problem is that congestion affects 
travel time, while any congestion toll must 
be in terms of money, and the shadow value 
of time varies with the location of the 
household. It is however possible to impose 
a congestion toll which is reasonably close 
to being optimal, certainly closer than tolls 
which realistically could be charged, by 
charging travellers the MCE they create 
times the shadow value of time of someone 
living at the center of the city (an arbitrary 
choice). If the congestion toll were really 
optimal, the shadow and market rents on 
residential land would be identical. With 
the toll that was imposed, the divergence 
between the two was always less than 10 
percent, so that the toll is reasonably close 
to being optimal. 

The toll was imposed on the base case 
city, and residents were compensated so as 
to keep them at their pretoll utility levels. 
Thus the efficiency gain is simply the change 
in government revenue. The characteristics 
of the base case city with the congestion toll 
are shown in parentheses in Table 1. Imposi- 
tion of the toll increases the curvature of the 
rent and structural density gradients, and 
makes the city smaller and denser. Cumula- 
tive travel time to any point in the city is 
reduced as a result of the toll (but not by 
very much). The congestion toll per mile 
falls off very sharply away from the center 
of the city. A trip to the middle of the first 
ring costs 15 cents (or 60 cents per mile), 
while a trip to the boundary ring costs 
$1.27 (or 12.4 cents per mile). 

The magnitude of the efficiency gain from 
the imposition of the toll is $8,801,761, or 
approximately $8.80 per household per 
year. Since the toll is not quite optimal, this 
is a lower bound. However, since excess 
burden tends to increase more than propor- 
tionately with the size of a distortion, it 
seems doubtful that the efficiency gain with 
an optimal congestion toll would be sig- 
nificantly larger than this. 

For a model in which the average house- 
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hold is paying over $500 in tolls each year . 
(see Table 1), $8.80 is a remarkably small 
figure for the efficiency gain from a conges- 
tion toll. The reason for this is that this 
model allows households very limited op- 
portunities for escaping the toll. Every 
household must send someone to work in 
the CBD during the rush hour, so that con- 
gestion in the first ring is unchanged by the 
toll. People cannot avoid the toll by aban- 
doning unnecessary trips, taking less con- 
gested roads, shifting trips to nonpeak 
hours, or taking jobs outside the CBD. All 
they can do is move their residences so that, 
on average, trips to work are shorter and 
cause less congestion. In view of this, we 
would caution strongly against attaching 
any practical significance to the figure of 
$8.80. Its smallness probably reflects the 
deficiencies of the treatment of congestion 
in residential location theory more than the 
deficiencies of congestion tolls. An accurate 
measure of the efficiency gains from. conges- 
tion tolls could be computed by a technique 
similar to ours, but the model would have 
to be a great deal more complicated. 


IV. Realistic Complications’ 


In a simple residential location theory 
model, Solow argued that in the long run 
the shadow rent on residential land exceeds 
the market rent. This paper has shown that 
this argument is incorrect, and has provided 
counterexamples. The actual relationship 
between market and shadow rents is con- 
siderably more complex than that implied 
by the conventional analysis. This conclu- 
sion would be reinforced if one were to in- 
troduce realistic complications. 

One such complication is the presence of 
other distortions. In the models discussed 
above, unpriced transportation congestion 
was the only distortion in the urban 
economy. But other distortions, such as in- 
efficient zoning and the property tax, are 
also important. The addition of land at 
some location may either increase or de- 


7Ronald Grieson brought several of these points to 
our attention. 
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crease the excess burden associated with 
these distortions, so that shadow rents may 
be-either lower or higher than in the case 
analyzed in this paper. 

There are many other features of the ur- 
ban economy which one would want to cap- 
ture in a model that was used for evaluating 
policy. These include the dynamic features 
caused by the durability of structures, mi- 
gration into and out of the city, the com- 
plications of multiple workplaces deter- 
mined endogenously, the very complex 
nature of congestion (which has been dis- 
cussed in this paper), and the possible bene- 
fits associated with the open space afforded 
by urban roads. 


V. Conclusions 


This paper has investigated the relation- 
ship between shadow and market land 
rents. It was argued that the conventional 
wisdom, which asserts that shadow rents on 
residential land always exceed market rents, 
and that shadow rents on land in transpor- 
tation are always positive, is incorrect be- 
cause it does not measure shadow rents cor- 


rectly. On the contrary, the simulation. 


results demonstrated that the shadow rent 
on residential land may be less than the 
market rent, and that the shadow rent on 
land in transportation may actually be 
negative. The simulation model which was 
employed is more realistic than models 
which have been used by other authors, in- 
corporating as it does the major extensions 
suggested by Solow. In particular, the form 
of the congestion function accords better 
with the available stylized facts than pre- 
vious functional forms. However, as the 
small efficiency gain from imposing a con- 
gestion toll suggested, there are still many 
aspects of the model which are unrealistic. 
It is particularly necessary that further 
work be done on modelling congestion. 

The results of the paper have a number 
of interesting policy implications. The cor- 
rect calculation of the shadow rent on land 
in transportation and in residential use is 
evidently very difficult. However, this does 
not argue for the use, in cost-benefit analy- 
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sis, of shadow rents computed assuming 
that lot size is unaffected by the addition of 
land, since these may be grossly incorrect; 
rather, the implication is that expenditure 
is justified in the development of urban 
simulation models to permit calculation of 
the true shadow rent with reasonable ac- 
curacy. An argument based on the conven- 
tional and incorrect calculation of shadow 
rents is that if planners allocate land to 
roads up to the point where the shadow rent 
on land in road use equals the market rent 
on residential land, then since the shadow 
rent on residential land exceeds the market 
rent, too much land is allocated to roads. 
However since the shadow rent on residen- 
tial land correctly computed does not nec- 
essarily exceed the market rent, this argu- 
ment is false. 
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Devaluation, Wealth Effects, and Relative Prices 


By HARVEY LAPAN AND WALTER ENDERS* 


The emergence of the portfolio balance 
approach! has led to a reformulation of the 
causes of balance-of-trade and payments 
disequilibria. According to this approach, 
balance-of-trade deficits and surpluses re- 
flect discrepancies between desired and 
actual wealth holdings; while balance-of- 
payments deficits and surpluses reflect dis- 
crepancies between desired and actual 
money holdings. Thus, balance-of-trade 
and payments disequilibria are viewed as 
representing disequilibria within the asset 
markets. Using this framework several au- 
thors? have examined the self-correcting 
nature of disequilibria within the balance- 
of-payments accounts and the ability of a 
devaluation to reduce the magnitude of a 
disequilibrium. 

Two recent examples of this approach 
that have appeared in this Review are a 
paper by Rudiger Dornbusch and a paper 
by Jacob Frenkel and Carlos Rodriguez. 
The Dornbusch paper analyzes a two- 
country world in which each country issues 
a fiat money, while the Frenkel and Rodri- 
guez paper develops a small country, two- 
asset model.’ In both papers, a devaluation 
is successful because it reduces real wealth 
in the devaluing nation and increases real 
wealth in the appreciating nation. In terms 


*Jowa State University and Institute for Inter- 
national Economic Studies, and lowa State Uni- 
versity, respectively. We would like to thank the 
managing editor for his helpful comments and sug- 
gestions. 

iSee Ronald McKinnon or Harry Johnson for the 
seminal articles on the portfolio or monetary ap- 
proach. 

2See Bijan B. Aghevli and George Borts, Enders or 
Donald Mathieson for an analysis of the self-correct- 
ing nature of balance-of-payments disequilibria. 

3One of the assets in the Frenkel and Rodriguez 
paper is physical capital which is immobile. Claims on 
physical capital are, however, perfectly mobile across 
national boundaries such that the domestic and foreign 
interest rate must be equal. Further, their paper is re- 
stricted to the “small country” case, so that domestic 
prices rise by the amount of the devaluation. 
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of the absorption approach, the devaluation 
reduces absorption via the cash balance 
effect. 

While both of these papers are important 
contributions to the examination of the 
impact of a devaluation on trade balances, 
they leave some important questions unan- 
swered. Neither paper is concerned with the 
efficacy of a devaluation when residents of a 
country hold assets denominated in terms 
of the foreign unit of account. In assuming 
that individuals only hold domestic cur- 
rency denominated assets, each paper dem- 
onstrates that a devaluation will be success- 
ful if it acts to decrease real wealth in the 
devaluing nation. However, when residents 
of a country hold assets denominated in the 
foreign currency, an exchange rate change 
will impose capital losses on residents of 
the revaluing nation while residents of the 
devaluing nation will experience capital 
gains. Since a successful devaluation must 
reduce (increase) wealth in the devaluing 
(revaluing) nation, the efficacy of a devalua- 
tion is directly related to the extent to which 
domestics hold foreign currency denom- 
inated assets. 

Another problem not addressed in these 
papers is how changes in the terms of trade 
affect the balance of trade. The prevailing 
view (see articles by S. C. Tsiang, Arnold 
Harberger, and Svend Laursen and Lloyd 
Metzler) is that, if a devaluation causes a 
nation’s terms of trade to deteriorate, the 
efficacy of a devaluation is reduced. A re- 
duction in the terms of trade leads to a de- 
crease in the marginal propensity to save as 
individuals attempt to maintain their real 
standard of living. As individuals cannot 
maintain this standard of living forever, it 
is still necessary to clarify the impact of 
terms-of-trade changes when balance-of- 
trade disequilibrium is viewed as represent- 
ing disequilibrium in the asset markets. An 
emerging view is that relative price changes 
have little significance in determining the 
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size of the balance of trade. For example, 
Frenkel and Harry Johnson state: 


The accumulation or decumulation 
of assets depends on the aggregate rela- 
tionship between domestic expenditure 
and income and does rot depend on 
the composition of expenditure be- 
tween exportables and importables, or 
between goods that, given the price 
structure, are classifiable into tradeable 
and nontradeable gcods. Conse- 
quently, though relative price changes 
do influence the composition of expen- 
ditures, they play a secondary role in 
the monetary approach. ...[p. 23] 


Section I considers the case in which 
there are two traded goods and examines 
the roles of relative price changes and capi- 
tal gains and losses in a devaluation. It is 
shown that relative price changes may be 
the only way a devaluation can improve the 
balance of trade when domestic holdings of 
foreign currency denominated assets are 
large. Section II considers the case of non- 
traded goods and, in contrast to the stan- 
dard result, demonstrates that the efficacy 
of a devaluation is inversely related to the 
absolute values of the changes in the prices 
of nontraded goods. Our conclusions are 
presented in Section III. The Appendix of 
the paper considers the stability properties 
of the model. 


I. Devaluation in a Two-Traded-Good World 
A. The Model 


The model we analyze is identical to that 
of Dornbusch, except we assume that there 
are two traded goods (X,, X2), and that resi- 
dents of each country may desire to hold 
assets denominated in terms of the foreign 
unit.of account (one asset is denominated 
in dollars, the other in pounds). Following 
` Dornbusch, we assume that the U.S. (U.K.) 
demand for nominal wealth is a constant 
fraction of U.S. (U.K.) nominal income: 


D) wW = kP,Y; 
W* = k*Y* = k*Přľ* 


Į 
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where P, (P¥*) = dollar (pound) price of 
good i 

Y (Y*) = dollar (pound) value 

of U.S. (U.K.) income 

f (¥*) = real income in terms 


of good 1 
W (W*) = desired wealth hold- 
ings in dollars (pounds) 
k  (k*) = desired ratio of wealth 
to income in the 
United States (United 
Kingdom) 


Assuming the dollar price of pounds is e, 
commodity arbitrage implies 
(2) P,=eP* i= 1,2 


Under the assumption that each country 
produces both goods, 


(3) Y = P,Q,(e) + P,Q,(p); 
Y* = P#O#(o) + P¥QF(p) 
= Qip) + pp); 
= OF (p) + pQ?(p) 


where p = P/P, = P}/P* = 
price of good 2 
Q,(Q#) = output of good i by the United 
States (United Kingdom) 
and production in each country takes place 
along a concave production possibility 
frontier on which the output of each good 
depends only on relative prices. 
Desired nominal expenditures (E, E*) 
equal money income minus nominal desired 
saving (S, S*): 


(4) E=P,¥-—S; E* = Pey* — S* 


Following Dornbusch, we assume that 
desired saving is proportional to any dis- 


relative 


crepancy between desired and actual 
wealth: — 
(5) S = [kP — W); 


S* = w*[k*P¥ Y* — W*] 


adjustment parameter 


where a (x*) = 
) = actual U.S. 


w (we (U.K.) 
dollar (pound) value 
of wealth 


c 


VOL. 68 NO. 4 


Assuming no net wealth creation by 
either government, the dollar value of the 
U.S. balance of trade is equal to U.S. 
wealth accumulation:* 


(6) DW = B = ~eDW* 
where B = U.S. balance of trade 
Dx = dx/dt 


In short-run equilibrium total income 
must equal total expenditures, a condition 
which will be fulfilled if desired world sav- 
ing equals zero. Further, actual wealth ac- 
cumulation must equal desired saving in 
each country: 


(7) 
(8) 


As equation (7) does not preclude the 
possibility of an excess demand in one of 
the commodity markets and an equivalent 
excess supply in the other, equilibrium re- 
quires 


S +eS* =0 
B=S = DW 


0) QW) + OF) = 


D,(p,E/P,) + D3 (p, E*/Pt) 


where D,(D¥) is U.S. (U.K.) demand for 
good 2, which by standard assumptions is 
homogeneous of degree zero in prices and 
expenditures, 

Given that total world saving equals zero 
(equation (7)) and that equilibrium prevails 
in the market for good 2, then total world 
demand for good 1 must necessarily equal 
the total world supply. Thus, given e, W, 
and W*, equations (7) and (9) determine 


- the equilibrium values of P, and p. 


4We abstract from the interest rate effects due to the 
yield on assets. It is assumed that governments sterilize 
interest payments by imposing lump sum taxes (sub- 
sidies) equal in magnitude to the net interest receipts 
of domestics from abroad. Further, the amount of tax 
which any individual pays is not commensurate with 
that individual’s asset holdings. Thus, income is equal 
to the value of domestic production and the change in 
wealth is equal to the balance of trade. Note that the 
sign of dB jde refers to the balance of trade and not the 
balance of payments. Footnote 10 discusses the effects 
of a devaluation on the balance of payments. 
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Substitute the two relations in (5) into 
equation (7) in order to solve for P, in terms 
of W, W*, Y, Y*. Substitute this expression 
into equation (8) to yield 
(10) B = wx*[k¥(eW*) — k*¥* w] 

-[s¥ + s*¥*]~! 
s = kr(s* = k*x*) is the marginal 


propensity to save out of in- 
come 


where 


As can be seen from equation (10), a U.S. 
balance-of-trade deficit is a wealth phe- 
nomenon, that is, the United States will 
experience a trade deficit if the ratio of U.S. 
desired wealth to actual U.S. wealth is 
greater than the corresponding ratio for the 
United Kingdom. 


B. The Effects of a Devaluation 


From equation (10) it is readily seen that 
a devaluation of the dollar will alter the 
U.S. balance of trade only insofar as it 
a) redistributes wealth among countries, or 
b) alters the ratio of U.S. to U.K. real in- 
come (ie., ¥/¥*). If, as Dornbusch as- 
sumes, no individual holds foreign denom- 
inated assets, it immediately follows that 
the devaluation redistributes wealth away 
from the devaluing country, thereby im- 
proving the balance of trade. Since a U.S. 
devaluation increases (decreases) the out- 
standing dollar (pound) value of private 
wealth, it will lead to increases in dollar 
prices and decreases in pound prices. The 
extent to which prices actually rise will de- 
pend upon the percent of world wealth de- 
nominated in dollars, as well as the. propen- 
sities to consume out of income and wealth. 
In any event, the rise (fall) of prices in 
terms of dollars (pounds) decreases real 
wealth in the United States and increases 
real cash balances in the United Kingdom. 
This redistribution of wealth acts to in- 
crease U.S. saving, decrease U.K. saving, 
and improve the U.S. balance of trade. 

To the extent that residents of a country 
hold assets denominated in terms of the 
foreign unit of account, the preceding anal- 
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ysis of a devaluation is faulty. The initial 
effect of a devaluation cf the dollar will 
cause U.S. residents holding pound de- 
nominated assets to experience capital 
gains, while U.K. residents holding dollar 
denominated assets experience capital 
losses. Thus, a devaluation of the dollar 
may redistribute wealth towards the United 
States and away from the United Kingdom. 
The possibility of a perverse redistribution 
of wealth means that the proportion of 
foreign asset holdings in domestic port- 
folios will be an important determinate of 
the efficacy of a devaluation. 

We assume that residents of each country 
hold some of their wealth in assets de- 
nominated in terms of the foreign currency. 
Denote the proportion of these holdings to 
total nominal wealth by m and m*. Then 
the change in nominal wealth measured in 
local currency due to an exchange rate 
change is 


an a _ mW dWw* _ _ m*W* 


e de e 








Correspondingly, the change in nominal 
wealth measured in terms of foreign cur- 
rency due to an exchange rate change is 


(12) ari = oe (l =e 
deW*) os: a kyy 


From equations (11) and (12), it is seen 
that the percentage change in U.S. wealth 
is m when measured in dollars and —(1 — m) 
when measured in pounds. For U.K. resi- 
dents, the percentage change in nominal 
wealth is (1 — m*) when measured in dol- 
lars and (—-m*) when measured in pounds. 
Thus U.S. wealth, measured in terms of either 
dollars or pounds, will fall relative to U.K. 
wealth only if 1 — m — m* > 0. If] —m- 
m* < 0, U.S. wealth will increase relative to 
U.K. wealth; and if 1 — m — m* = Q0, there 
will be no relative change in wealth. Re- 
calling from equation (10 that B2O as 
KY /k*¥* ZW/eW*, a devaluation of the 
dollar will redistribute wealth in the 
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“wrong” direction if 1 — m — m* < 0.5 

Thus, if 1 — m — m* < 0, a devaluation . 
of the dollar must raise Y relative to Y* if 
it is to be successful in increasing the bal- 
ance of trade. Notice that ¥ and Ÿ* are 
both functions of only one variable (p), so 
that the devaluation can only be successful 
if it produces a change in relative prices and 
the nations have different supply or demand 
conditions. 

Specifically, d(¥/ Y¥*)/dp Z 0 as 0,/¥2 E4 
Q* /Y¥*. Thus, an increase (decrease) in the 
relative price of good 2 will act to improve 
(worsen) the U.S. balance of trade if the 
ratio of U.S. production of good 2 to U.S. 
real income is greater than the correspond- 
ing ratio for the United Kingdom. In the 
important special case in which it is possible 
to identify the exporter of a particular good 
as the nation which produces the largest 
amount of that good relative to its total 
production, a deterioration (improvement) 
in the terms of trade of the devaluing nation 
will act to worsen (improve) the balance of 
trade. In general, it should be clear that the 
impact of a relative price change on the 
ratio Y/¥* (and hence the balance of trade) 
depends upon the pattern of production 
(i.e., how much of each good a nation pro- 
duces) and not upon the pattern of trade 
(i.e., the particular good a nation exports).® 

The crucial point is that for a U.S. de- 
valuation to be successful, it must increase 
U.S. saving. One method to increase U.S. 


5Individuals are assumed to have static expectations 
so that m and m* can be treated as constants, If in- 
dividuals expect a devaluation of the dollar m will in- 
crease and m* will fall, so that (1 — m — m*) may 
change in either direction. 

6Note that this is not simply an index number 
problem which arises from our having defined real in- 
comes in terms of good 1. As d( Y/Y)/dp Z 0 as 
O/¥ Z O8/¥*, dl¥/P, = Y*/P$)/d(P;/P2)-20 
as Q2/¥ 203 /¥*. Thus, an increase in the relative 
price of good 2 will increase U.S. income relative to 


` U.K. income—when measured in terms of either good 


1 or good 2—if the ratio of U.S. production of good 2 
relative to its total production is greater than the cor- 
responding ratio for the United Kingdom. How the 
terms-of-trade effect alters the balance of trade then 
depends upon the pattern of production, and not 
upon the choice of numeraire. 
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saving is through a relative transfer of 
wealth between nations. The other method 
is to increase the U.S. demand for wealth 
relative to that of the United Kingdom by 
increasing U.S. real income relative to U.K. 
real income. Relative price changes will 
act to increase U.S. income relative to U.K. 
income if the relative price change favors 
the good which the United States produces 
in a relatively greater proportion to its total 
income. 

The relationships between the devalua- 
tion, the trade balance, and the terms of 
trade are formally obtained by differentiat- 
ing equation (10) with respect to the ex- 
change rate. Utilizing the relationships in 
(11) and (12), simplification yields 


+W — = 
(13) dB _ mB, WW cru t m*) 
de e (SY + s*Y*) 
Q _ QF) dp 
+ alh BY oe 


where ay is a positive number.’ From equa- 
tions (7) and (9), 


dp| _ 
(14) sgn [æ] = 
sgn{l — m — m*]|[Cž — C] 


where C,(C#) is the U.S. (U.K.) marginal 
propensity to consume good 2. Equation 
(13) demonstrates that the terms of trade 
has an ambiguous effect_on the trade bal- 
ance (since Q,/Y — Q}/Y* may be positive 
or negative) while equation (14) demon- 
strates that the relative price of good 2 may 
increase or decrease. The latter follows as: 
ifl ~m—m*>O(U- m — m* < 0), 
wealth is redistributed towards the United 
Kingdom (United States). If wealth is trans- 
fered towards the United Kingdom, real 
U.K. expenditures will rise while real U.S. 
expenditures will fall. If the U.K. marginal 


7The magnitude of ag depends upon supply and de- 
mand elasticities, but we are only interested in the di- 
rection of change. 
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propensity to consume good 2 is greater 
(less) than that of the United States, the 
relative price of good 2 will rise (fall). In the 
case in which the devaluation both redis- 
tributes wealth towards the country whose 
currency increases in value and in which 
countries tend to produce a large propor- 
tion of the good for which they have a high 
marginal propensity to consume, the 
change in relative prices will act to worsen 
the trade balance. 

It can unambiguously be said that the 
greater the degree to which domestics hold 
assets denominated in terms of the foreign 
currency, the less effective is the devalua- 
tion.’ To the extent that the holding of as- 
sets denominated in terms of the foreign 
unit of account is associated with the degree 
of capital mobility, the efficacy of a de- 
valuation will be negatively related to the 
degree to which individuals view domestic 
and foreign assets as substitutes. If individ- 
uals view domestic and foreign assets as 
perfect substitutes, the expected values of 
m and m* will be equal to 1/2 so that a 
devaluation will have no effect on the trade 
balance or on relative prices. In the case in 
which residents of a country only hold 
assets denominated in terms of their own 
unit of account, a devaluation always im- 
proves the trade balance: setting m = 
m* = 0, we also find that in this special 
case, the devaluation always works. Lastly, 
ifl] — m — m* < 0, the devaluation will be 
counterproductive. 

The crucial point to note is that when m 
and m* are greater than zero, the initial 
gains (losses) of an exchange rate change 
act to offset the effects of price increases or 
decreases on wealth. This result implies that 
the impact of a devaluation cannot be di- 
vorced from the degree of asset substi- 
tutability. Those factors which induce 


8The condition that 1 — m — m* > 0 is not suf- 
ficient to guarantee that the devaluation improves the 
trade balance if the devaluing nation initially has a 
deficit. The larger the deficit, and the greater m + m*, 
the less likely it is that the devaluation will succeed in 
improving the balance of trade, as measured in do- 
mestic currency units, 
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‘residents of a country to hold assets de- 
nominated in terms of a foreign unit of 
account—such as a large volume of trade or 
expectations of a devaluation by residents 
of the devaluing nation—act to work against 
using the exchange rate as a policy instru- 
ment. 

The discussion above relates only to the 
impact effect of a devaluation, and has no 
bearing upon the stability of the system or 
the effects of a devaluation on the long-run 
values of the endogenous variables. In or- 
der to conserve space, we defer discussion 
of these problems to the nontraded goods 
case. In the nontraded goods case we dem- 


onstrate that a devaluation does not alter. 


the real value of any endogenous variable 
in the long run. In the Appendix, we show 
that the system (in the nontraded goods 
case) is stable regardless of the sign of 
1 — m — m*. Identical results hold for the 
traded goods case. 


II. Devaluation and Nontraded Goods 
A. The Madel 


In this section we investigate the role of 
nontraded goods in a devaluation. We con- 
tinue to assume that each country produces 
two goods, but we impose the additional 
condition that transport costs prevent trade 
in Q, and Q#. As in Section I the produc- 
tion-possibility frontier for each country is 
assumed concave, Thus, the domestic sup- 
ply of any good remains solely a function 
of the domestic relative price of that good. 
Of the first ten equations in Section I, only 
equations (2) and (9) need modification. 
Since the markets for the nontraded goods 
are independent, P, need not equal eP?. 
Furthermore, two equilibrium conditions 
are needed to replace equation (9) since the 
market for nontraded goods must clear in 
each country. Thus, we replace equation (2) 
with 


(2) P, = eP} 


In place of equation (9), the conditions 
for the nontraded goods markets to clear 
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are ; 
(15) Q:(p) = D2(p, E/P,) 
(16) OF(p*) = D¥(p*, E*/P¥) 
where p(p*) = P,/P,(P# /P*) 


By Walras’ Law, if equations (15), (16), 
and (7) hold, the market for traded goods 
must be in equilibrium. Thus, to adapt the 
model from the traded goods case'to the 
nontraded goods case, equation (9) and the 
commodity arbitrage condition for good 2 
are replaced by the conditions that the 
market in each country (for good 2) must be 
in equilibrium. 

While equation (10) represents the trade 
balance for both the traded and nontraded 
goods cases, it is now more convenient to 
work with the real balance of trade mea- 
sured in terms of the traded good (i.e., 
(B/P,)). In the case of two traded goods, 
the meaning of the real balance of trade is 
somewhat ambiguous for it is possible to 
measure this balance in terms of import- 
ables or exportables. As the presence of 
only one traded good removes this am- 
biguity, and as it is desirable to work with 
real—as opposed to nominal—variables, 
we consider the effects of a devaluation on 
the real trade balance (B/P,). Dividing 
equation (10) by P,, and substituting mW + 
a*eW* for P\(s¥ + s*¥*), the balance of 
trade in terms of the traded good is 


(17) B/P, = we*[kYew* — k*Y*W] 
[rW + x*eW*}-! 


Equation (17), like equation (10), shows 
that a U.S. trade deficit is caused by an ex- 
cess supply of wealth in the United States 
relative to the United Kingdom. 


B. The Effects ofa Devaluation 


As in Section I, the impact effect of a 
devaluation depends upon its ability to re- 
distribute wealth. If a devaluation of the 
dollar increases U.K. wealth relative to U.S. 
wealth (1 — m — m* > 0), real U.K. ex- 
penditures will rise while real U.S. expendi- 
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tures fall. From equations (15) and (16), it 
. is seen that the relative prices of nontraded 
goods are positively related to real expendi- 
tures. Thus, if 1 — m — m* > 0, the rela- 
tive price of the nontraded good will rise in 
the United Kingdom and fall in the United 
States. However, if 1 — m — m* = 0, no 
relative redistribution of wealth occurs so 
‘that real expenditures and relative prices 
care unaltered. Finally, if 1 — m — m* < 0, 
. the devaluation redistributes wealth towards 
‘the devaluing country, increasing real ex- 
penditures and the relative price of the 
nontraded good in that country, thereby 
producing perverse results. The critical fac- 
tor to keep in mind is that the changes in 
relative prices are the effect of the devalua- 
tion, and in no sense can this relative price 
change be said to be the cause of the im- 
provement or worsening of the balance of 
trade. The determining factor of the impact 
effect of the devaluation will always be how 
the devaluation redistributes wealth. 

These results can be obtained formally by 
totally differentiating equations (7), (15), 
and (16). Substitute equations (5), (11), and 
(12) into the above three to yield’ 


(18s) FS = Eg [xmW (ex = m) 


(ež — n¥ + s*C¥) + r*(1 — m*\(eW*) 
(ef — nz )(E. — m + sC) > 0 
ifm > Qorm* < I 


(19) BE = C, Qfrr* WEWN - nD 
(1 -m - m*)/[AP] S50 
asl- m- m*Z0 
dp* e ž * * 
(20) eon CF Qirn* WleW*)e, — n2) 
(1 — m — m*)/[AP¥e] Z 0 
asl — m — m* Z0 
(e¥) = price elasticity of sup- 
ply of good 2; €,, ef > 0 


where ¢, 


9The actual derivation is omitted in order to save 
space. 
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n, (n¥) = income compensated 
price elasticity of de- 
mand for good 2; m, 
ny <0 

C, (C¥) = marginal propensity to 
consume good 2; C,, 
Cž > 0 


and 


(21) A = Q,03[n*eW*(f — nž) 
(e2 — m + SC.) + tWle, — m) 
“(ef — nf + s*CH)] > 0 

As previously argued, the devaluation 
affects relative prices only if it causes a 
wealth transfer (m + m* = 1). In particu- 
lar, the relative price of the nontraded good 
decreases in the devaluing country (assum- 
ing both goods are normal) only if m + 
m* < 1. Dornbusch’s results hold since he 
assumesm = m* = Q, 

The impact of the devaluation on the 
balance of trade in terms of the traded good 
is found by differentiating (17), and sub- 
stituting in for (18)-(20): 


d(B/P,) _ ant 
22) de = [z + E] 
J wwe - m- M*) 
P, 


dp do* 
we) £2 krorw CE 
+ kQ,(e Wa k*Q3 a 


where sgn (dp*/de) = -sgn (dp/de) = 
sgn(l — m — m*) 

Substituting for (de/de), (do*/de) from 
(19) and (20): l 


o3 AERD L frr*WW* le — m) 


“(ef = nž)(0 — m — m*)| 
+ Pi[a*eW* (ef — nF le — m + sC) 
+ tWe, — mA? — nF + s*C3)] 


Form = m* = 0, (23) is equivalent to the 
result derived in Dornbusch (his equation 
(27)). 


First, from (23) we see that a devalua- 





608 THE AMERICAN ECONOMIC REVIEW 


tion will improve the real balance of trade 
if and only if (1 — m — m*) > 0. Thus, the 
necessary and sufficient condition for the 
devaluation to work in the nontraded good 
case (and in the traded good case when the 
terms of trade effect is ignored) is that it 
effectively transfers wealth away from the 
devaluing country.”° 

Next consider the role of changes in the 
relative prices of nontraded goods. From 
equations (19) and (20), it is seen that if the 
two relative prices of nontraded goods 
change (1 — m — m* #0), they must 
move in opposite directions, This result 
follows from equations (15) and (16) in 
which the relative prices of nontraded 
goods are positively related to real expendi- 
tures. As real expenditures must rise in one 
country and fall in the other, the two rela- 
tive prices move in opposite directions. 
Since the impact effect of a devaluation on 
real expenditures depends solely on 1 — 
m — m*, the direction of the changes in the 
relative prices of nontraded goods—in con- 
trast to the traded goods case—depend 
solely upon the sign of 1 — m — m*. As the 
change in relative prices is caused by changes 
in real expenditures, it cannot be claimed 
that it is the change in relative prices which 
translates changes in real expenditures (ab- 
sorption) into changes in the balance of 
trade. Rather, it is the desired change in ex- 
penditures which acts to alter relative 
prices,"! 


10Tt should be pointed out that the dollar value of 
the trade balance may worsen even if 1 — m — m* > 0, 
and the pound value may increase even if 1 - m — 
m* < 0. Also notice that the sign of dB/de refers only 
to the balance of trade and not to the balance of pay- 
ments. The balance of payments will equal the change 
in the demand for dollar denominated assets. If m and 
m* are constant, the change in the demand for dollar 
denominated assets is (1 — m)DW + m*eDW*. As 
DW + eDW* = 0, the balance of payments can be 
represented by (1 — m — m*)DW = (1 — m — m*)B. 
As the sign of dB/de depends upon the sign of 
(1 — m — m*), a devaluation of the dollar will always 
act to improve the U.S. balance of payments, whether 
or not it improves the balance of trade. 

{1 Note that the whole emphasis of the elasticities ap- 
proach is to determine how relative price changes im- 
prove the balance of trade, thereby increasing income 
relative to absorption. Further, both Dornbusch and 
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Further, the changes in relative prices 
act to offset part of the impact effect of a 
devaluation. From equation (22), it is clear 
that the improvement in the U.S. trade bal- 
ance is positively related to dp /de and nega- 
tively related to dp*/de. However, if the 
devaluation is to be successful (i.e., if 1 — 
m — m* > 0), the relative price of the non- 
traded good will fall in the United States 
and rise in the United Kingdom. Alterna- 
tively, if 1 — m — m* <0, the relative 
price change will mitigate any deterioration 
in the U.S. trade balance due to a devalua- 
tion of the dollar. In short, the greater the 
change in relative prices, the less effective is 
the devaluation. The underlying explana- 
tion for this is clear—the U.S. trade balance 
can only be improved by increasing saving 
in the United States and correspondingly 
decreasing saving in the United Kingdom. 
A decrease in real wealth in the devaluing 
nation and a corresponding increase in real 
wealth in the revaluing nation (when 1 — 
m — m* > 0) serves this purpose. A de- 
crease in real income in the devaluing na- 
tion, and an increase in real income in the 
revaluing nation, act to increase saving in 
the revaluing nation and reduce saving in 
the devaluing nation. Again, it should be 
pointed out that this is not simply an index 
number problem. The nominal U.S. trade 
balance can only be improved by increasing 
nominal U.S. saving. The greater the reduc- 
tion in the relative price of the U.S. non- 
traded good, the smaller will be the rise in 
nominal U.S. income and correspondingly 
the smaller the rise in nominal U.S. saving. 

From the discussion above, it follows 
that if 1 — m — m* > 0, those factors 
which act to mitigate the size of relative 
price changes will act to increase the efficacy 
of a devaluation. Specifically, equation 
(23) demonstrates that if 1 — m — m* > 0, 
then the efficacy of a devaluation is nega- 
tively related to the marginal propensities to 
consume the nontraded good (C, and C¥) 


Ronald Jones and W. M. Corden, imply that a rela- 
tive price change acts to improve the trade balance. 
We find that the relative price change acts to worsen 
the trade balance of the devaluing nation. 
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and positively related to the absolute values 
of the supply and demand elasticities of 
nontraded goods (e,,e¥, | na], |n¥|). As 
expenditures fall (rise) in the devaluing (re- 
valuing) nation, the greater will be the re- 
duction (increase) in the price of the non- 
traded good if the marginal propensity to 
consume the nontraded good is large. Ob- 
viously, large supply and demand elastic- 
ities mitigate price changes so that the 
greater these elasticities, the greater the 
efficacy of a devaluation. 


C. Long-Run Effects of a Devaluation 


The discussion above analyzes the impact 
effect of a devaluation, and as such provides 
little information concerning the long-run 
effects of a devaluation or the stability of 
the system. In this section we first demon- 
strate that a devaluation does not alter the 
long-run equilibrium values of the real vari- 
ables in the system. In the Appendix, we 
show that a fixed exchange rate system is 
stable regardless of the magnitude of 1 — 
m- m*. 

Long-run equilibrium is obtained by 
setting the time derivatives DW = DW* 
equal to zero. Substituting these condi- 
tions into equations (5), (15), and (16): 


(24) Qp) = Da(p, ¥(0)) 
(25) QF (p*) = D3(0*, ¥*(*)) 
(26) W = kP F(p) 


(27) eW* = k*P,Y*(p*) 


Equations (24)-(27), plus the condition 
that W + eW* is constant (as governments 
do not pursue an active monetary policy), 
determine the long-run values of p, p*, W, 
W*, and P,. The nature of the steady-state 
solution of the model is that commodity 
markets are in equilibrium at each point in 
time. In addition, desired and actual sav- 
ing in each of the countries are equal to 
zero. Given the equilibrium values of W 
and W*, the amount of foreign assets held 
by U.S. (U.K.) residents is mW (mW*),? 
With no net saving in either country, equa- 


12The equilibrium conditions for the desired com- 
position of assets to equal actual asset composition are 
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tion (6) indicates that the real balance of 
trade is equal to zero. 

On inspection, it is immediately seen that 
equation (24) alone determines p and equa- 
tion (25) alone determines p*. Thus, long- 
run relative prices, real income, and com- 
modity outputs are invariant to changes in 
the exchange rate or the outstanding sup- 
plies of dollar and pound denominated 
assets. Holding p and p* constant, equa- 
tions (26) and (27) can be used to solve for 
dP, /de, dW/de, and d(eW*)/de once it is 
recognized that 


* = 
dw , deW*) _ p 


(28) de de 





where P (D) = the total amount of assets 
which are denominated in 


pounds (dollars) when 
the devaluation takes 
place." 


Totally differentiating equations (26) and 
(27) with respect to the exchange rate, and 
using equation (28): 


(29) ld, P 
P, de D + eP 
aoe ca 
W de D+eP 
so that d(W/P,)/de = 0. Given that 


d(eW*)/de = P — dW/de, it follows that 
d(eW*/P,)/de = 0. 

Thus, the exchange rate is neutral in the 
sense that the long-run magnitudes of all 
the real variables in the system are invariant 
with respect to a change in the exchange 
rate. In the Appendix, we demonstrate that 
the system has one characteristic root which 





Wg =(1—m)W + m*eW* 
eWp=mW + (1 — m*jeW* 


Ws = supply of dollar denominated assets 
W p = supply of pound denominated assets 


where 


13We assume that the central banks react passively 
in response to a deficit or surplus in that they neither 
sterilize nor accommodate the balance of payments. 
Further, central banks undertake no net wealth crea- 
tion (except via devaluation), but stabilize exchange 
prices by making asset supplies perfectly elastic at the 
desired exchange rate. 
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is negative regardless of the value of 1 — 
m — m*, Thus, the equilibrium is stable 
and the approach to equilibrium is direct. 
Since the system has a single characteristic 
root, if the impact effect of a devaluation is 
to improve the real balance of trade, the 
devaluation will also act to increase the 
cumulative sum of the real trade balance. 
Consequently, a devaluation will serve to 
increase the central bank’s holdings of for- 
eign reserves (if 1 — m — m* > 0), even 
though the devaluation has no long-run ef- 
fects on outputs and relative prices. 

The discussion above indicates that a de- 
valuation does not work through changing 
the long-run values of the real variables of 
the system, but rather through altering the 
time path of the system. In the short-run 
version of the model (Section IIa and IIB), 
desired and actual asset accumulations are 
equal, but desired portfolio size is not equal 
to actual portfolio size. In an attempt to 
equilibrate desired and actual wealth hold- 
ings, equation (5) indicates that individuals 
will save or dissave. As total world saving 
equals zero (since we assume total asset 
supplies are fixed) prices adjust such that if 
one nation has an excess demand for 
wealth, the other has an excess supply. The 
nation with an excess demand (supply) of 
wealth will experience a balance-of-trade 
surplus (deficit). The surplus (deficit), repre- 
senting an increase (decrease) in the stock 
of wealth, serves to equilibrate desired and 
actual wealth holdings. The trade balance, 
then, is a temporary phenomenon which 
will persist until desired and actual wealth 
holdings are equal. Although the balance of 
trade is self-correcting (since the system is 
stable), the monetary authorities may de- 
sire to change the size of a deficit or sur- 
plus. As an exchange rate change does not 
alter the long-run equilibrium values of the 
real variables in the system, a successful 
devaluation must act to increase desired 
saving in the devaluing nation. We have 
shown that a devaluation will increase sav- 
ing in the devaluing nation if 1 — m — 
m* > Q; the devaluation will redistribute 
wealth away from the devaluing nation 
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towards the revaluing nation. It is this re- 
distribution effect which determines whether 
saving will increase or decrease in the de- 
valuing nation. Whether or not 1 ~ m — 
m* > 0, after the exchange rate change, 
the system will approach long-run equilib- 
rium in which the trade balance is zero. The 
devaluation, then, only moves the system 
closer to, or further from, long-run equilib- 
rium. 


ILL. Conclusions 


The approach taken in this paper is that 
balance-of-trade disequilibrium is caused 
by wealth imbalances between nations. 
Therefore, the primary effects of a devalua- 
tion must act to create an excess demand 
for wealth in the devaluing nation and an 
excess supply of wealth in the revaluing 
nation. To the extent that individuals view 
domestic and foreign assets as substitutes, 
the redistributive effects of a devaluation 
will be reduced so that exchange rate pol- 
icies will be of little value in correcting 
deficits or surpluses in the trade accounts. 
As the volume of trade is one of the major 
determinants of the degree of asset substi- 
tutability between equally risky assets, we 
would expect that the degree of openness of 
an economy and the efficacy of a devalua- 
tion within that economy are negatively re- 
lated. 

We have also examined the effects of rel- 
ative price changes on the efficacy of a 
devaluation. Relative price changes will act 
to alter a trade balance to the extent that 
they change the demand for wealth. How- 
ever, in the case of nontraded goods, rela- 
tive prices always change in such a way that 
they offset part of the effects of the devalua- 
tion. In the case in which both goods are 
traded, the terms-of-trade effect may act to 
either increase or decrease the trade bal- 
ance. In both cases, however, the relative 
price change cannot be said to be the cause 
of the change in the trade balance. Rather it 
is the effects of changes in desired expendi- 
tures which induce the change in relative 
prices. 
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APPENDIX 


In this Appendix we consider the sta- 
bility conditions for fixed and flexible ex- 
change rate regimes in the nontraded good 
case. We demonstrate that either exchange 
rate regime is stable regardless of the sign 
of 1 — m — m*. 

Equations (15) and (16) can be written as 


AD Ol) = Dale. Po) - 3 OM) 
1 
as E/P, = ¥ — (1/P,)DW and ¥. = Y(p) 
(A2) OF) = Delon ¥*(p*) 
l 5 4p") 


as E*/P* = Ÿ* — (1/P¥)DW* and P,/e = 
Pi. 

From equations (5), (7), and (8), 
(A3) DW = kP,Y¥(p)- W 


where the adjustment parameters m and m* 
have been set equal to unity 


(A4) eDW* = k*P,¥*(p*) — eW* 


The U.S. and U.K. residents hold both 
dollar and pound denominated assets in 
their portfolios. The dollar value of their 
portfolios can be represented by 


(A5) W = W° + eW? 
(A6) ew* = W* 4 ewe? 
where W(eW*) = dollar value of wealth 


held by U.S. (U.K.) 
residents 

ws(w**) = dollar denominated 
assets held by U.S. 
(U.K.) residents 

W?(W*?) = pound denominated 
assets held by U.S. 
(U.K.) residents 


As in the text, it is assumed 
(A7) WS = (1— mW 
(A8) we? = (1 — m*)W* 


Asset market equilibrium requires that 
the demand for doilar (pound) denominated 
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assets equals the amount outstanding: 


(A9) W, = WS4 we 
(A10) Wp = WP + we? 
where W,(W>) = outstanding amount of 


dollar (pound) denomi- 
nated assets 


The system can be simplified by com- 
bining equations (A5)-(A10) to yield 


(AS') Ws = (1 — mW + m*eW* 
(A6) Wp = mE 


m- + (1 — m*)W* 

Equations (Al)-(A4), (A5’), and (A6’) 
represent six independent equations con- 
taining eight unknowns: p, p*, W, W*, P,, 
e, Ws, and Wp. Under flexible exchange 
rates, W, and Wp can be treated as constants 
since central banks do not attempt to alter 
asset supplies. With a fixed exchange rate, e 
is constant; and as it is assumed that govern- 
ments only alter money supplies in response 
to the balance of payments: DW, = 
—eDW p. Thus, when it is known whether 
the exchange rate is fixed or flexible, two 
unknowns are eliminated from the system. 

The dynamic model which we postulate is 
quite different from that used by Aghevli 
and Borts. The nature of our model is such 
that commodity markets are in equilibrium 
at each point in time. Given the existing 
stocks of wealth within countries, desired 
and actual portfolio compositions are also 
equal. The dynamic nature of our model is 
due to the fact that desired asset accumula- 
tions change over time. Asset accumulation 
acts to partially eliminate the discrepancy 
between desired and actual wealth, thereby 
reducing desired saving. 


A. Fixed Exchange Rates 


Equations (Al)-(A4) and the equation 
DW = —eDW* constitute five equations 
containing five unknowns. Substitute equa- 
tions (A3) and (A4) into equations (Al) 
and (A2). Then linearize the resulting two 
equations as well as equations (A3) and 
(A4) around the point of long-run equi- 
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Q 1 fc -1/C 
22 ez — n2 + sC) 0 ag 2 — eae 0 p 
p Pp Pi P Pi 
Q3 1 /(Ciew* 1 f{-Cf 
All 0 — (ef — nf + 5*C — 0 — p* | _ 
( ) pt ( 5 $ 3) p* P? p* P, = Ko 
0 0 0 D D P; 
sP, Q2 0 sY -(i + D) 0 Ww 
0 s* P, Q3 s* ľ* 0 —(1 + D) |lew* 





librium. The resulting four equations and 
the relation DW = —eDW* can be repre- 
sented by (A11), where Kọ = 5 x 1 col- 
umn vector of constants, and m = q* = | 
` sothats = kands* = k*, 

The characteristic equation takes the 
form D(a,D + a,). Thus, the system has a 
- single nonzero characteristic root equal to 
~-a,/a,. The system will be stable if a, and 
a, are of the same sign. Solving for a, and 
ay: 


© where A is defined in 
equation (21); a, > 0 


A 
a4,=-—>, 
i pp*P, 


a, = L12 Ce,- mef - af) 
pp 


“(KY + k*¥*)>0 
As both a, and a, are unambiguously 


positive, the system is stable regardless of 
the sign of 1 — m — m*. 





the resulting two equations, plus equations 
(A3), (A4), (A5’), and (A6’) around the 
point of long-run equilibrium yields (A12), 
where K, = 6x 1 column vector of constants. 

As the differential operator appears 
twice—in position a3; and ay—the system 
will have two nonzero characteristic roots 
at most, that is, the characteristic equation 
will take the form a,D? + a,D + a; = 0. 
On setting the determinant of the coefficient 
matrix equal to zero, the characteristic 
equation actually takes the form a,D + 
a; = 0. Thus, the system has only one non- 
zero root which is equal to —a;/a,. The 
system will be stable if a, and a, are of the 
same sign. 

On setting the initial values of e, P, and 
P¥ equal to unity, we find: 


* 
bese Sgi C,CE(e — met — n$) 


-m*W*[W*(1 ~ m*) + mW] 


B. Flexible Exchange Rat * 
ex. xchang es a, = 2208 C,C#{(e. — n + sC,)k* ¥* 
f ; i pp 
Equations (A7)-(A4), {A5‘), and (A6') (cf — af)m*[(1 — m*)W* + mW] 
represent six equations in six unknowns. ; A nee 
Again, substitute equations (A3) and (A4) + (ef — nf + s*C¥)kY(e, ~ m) 
into equations (Al) and £A2). Linearizing -m[((L — m) W + m* W*)} 
o : 
Pp p Pi p Py 
* * 2s * 
0 2i ew ak a tC] pf Cle = c E 0 E gL p* 
p* p* PI p* Py p* Py 
(A12) -sPQ > 0 ~s¥ o (1 + D) 0 Py =K; 
o =s* “os —s* = S* PT uit 0 Q +D) e 
e È 
0 a 0 m* W* (i — m) m*e w 
gaw z U- m*) |p we 


0 0 0 
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Since m and m* are both positive fractions, 
a, and a, are both positive. 
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A Theory of Pricing under Decreasing Costs 


By J. SORENSON, J. TSCHIRHART, AND A. WHINSTON* 


Selecting appropriate pricing policies is a 
central problem in economics. The subject 
has a long history especially with regard to 
marginal-cost pricing as an appropriate 
policy for decreasing cost industries. In 
these industries marginal-cost pricing im- 
plies deficits and other associated problems. 
The arguments largely concerned with the 
welfare economic aspects of marginal-cost 
pricing have been summarized by Nancy 
Ruggles. i 

The direction of this paper is somewhat 
different. Our approach takes the producer 
and the potential consumer as a unit and at- 
tempts to delineate the class of viable pric- 
ing schemes, A potential consumer is char- 
acterized by a demand curve for the product 
or service produced, while the producer is 
characterized by the cost of production. We 
assume that only one good is produced, but 
allow for different demand curves among 
the consumers. 

Given the description of the problem, we 
consider the benefits that are available to 
both the producer and the consumers of the 
product. For the producer, the benefit is the 
difference between total revenue received by 
whatever pricing scheme is used and the 
total cost of production. For each con- 
sumer, the benefit is the difference between 
the value of his total utility from the product 
and the total charge. If under a particular 
charge formula the benefit to the producer 
is negative, then we assume that this would 
be unacceptable from the viewpoint of the 
producer. This would rule out marginal- 
cost pricing as an acceptable scheme. Like- 


*Professor of mathematics, Valparaiso University; 
assistant professor of economics, University of 
Wyoming; and professor of economics, management 
and computer science, Purdue University, respec- 
tively. This research was supported in part by Na- 
tional Science Foundation Grant Number ENG 75- 
07845. We are indebted to the managing editor and a 
referee for valuable suggestions on an earlier draft. 
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wise, each consumer must receive a positive 
net benefit to be willing to accept a particu- 
lar solution. A pricing scheme should also 
be efficient in that total benefits received by 
all parties are at a maximum. Given these 
boundary conditions, we inquire into 
whether there exists any pricing scheme, 
whether it be a uniform price per unit or a 
highly non-linear price schedule that will be 
acceptable to all parties. By acceptance we 
mean that no party will find it preferable to 
withdraw from either producing or con- 
suming the good under the arrangements 
proposed. We shall see that this last point 
is somewhat subtle in that it does not neces- 
sarily mean giving up either producing or 
consuming the good, but that other ar- 
rangements are preferable that exclude 
some consumers. 

Our first result shows that there do exist 
pricing rules which lead to a stable arrange- 
ment. In fact, there are many different rules 
which are acceptable from this point of 
view. The rules differ in their distributional 
impact. Next we analyze specific pricing 
rules that have been proposed. We deter- 
mine whether a proposed rule is stable in a 
sense to be defined, and within our frame- 
work, analyze the distributional aspects of 
each rule. Finally, since our model is cast in 
terms of game theory, we consider several 
game-theoretic solutions as pricing rules, 

A game-theory model derives naturally 
from the subject of this paper. Potential 
players of the game (i.e., consumers) find it 
beneficial to aggregate their demands since 
costs are decreasing. The total benefits grow 
as coalition sizes increase, and the game be- 
comes one of determining how the benefits 
are to be distributed. Selecting a method of 
distributing benefits is tantamount to select- 
ing a price rule, The problem is similar to 
one discussed by James Buchanan (1965) 
and Mark Pauly in relation to the theory of 
clubs where the number of consumers is a 
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variable. By decreasing marginal cost, the 
optimum club size in this paper consists of 
all potential consumers. However, this does 
not assure stability. It is necessary that 
every subset of consumers within the total 
set is satisfied with the pricing arrange- 
ments. If this is not so, the total set is un- 
-stable and may disband. We will show that 
traditional pricing schemes (for example, 
‘two-part tariffs) do not guarantee stable 
pricing arrangements. 


I. The Pricing Game 
A. The Characteristic Function 


We use consumer’s surplus as a measure 
of benefits received, and assume that in- 
come elasticity is zero so that the ordinary 
and compensated demand curves coincide.! 
This assumption is not unreasonable for 
goods such as water, sewage, or even elec- 
tricity, since the total amount spent on these 
goods is usually a small fraction of income. 
The advantage of assuming zero income 
elasticity is that for a particular quantity 
demanded by a consumer, we can vary 
within limits the total charge to the con- 
sumer through a lump sum tariff without 
changing the quantity.2 This allows us to 
focus attention on the distributional prob- 
lem. 

Let N = {1,..., n} be the set of players 
in the game where index 1 denotes the 
entrepreneur and indices 2,..., denote the 
consumers. Consumer ř’s demand function 


1A good exposition on this subject may be found 
in Don Patinkin. The point here is that if income elas- 
ticity is zero, the demand curve in the quantity-price 
plane is invariant with respect to income changes. For 
this to occur, it is necessary that the consumer’s in- 
difference curves are parailel; that is, at each quantity, 
the slopes of all indifference curves are equal. A 
utility function that will result in zero income elasticity, 
for good y is U(x, y) = x + iny. 

2Įf we confined our analysis to uniform prices, then 
income elasticity would not play an important role. 
However, as Buchanan observes, considering only 
uniform prices is very restrictive, “... quantity dis- 
counts, quantity premiums, block tariffs generally are 
both institutionally feasible and empirically observ- 
able” (1966, p. 465). 
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is given by V;(q,) which is assumed to be 
monotonically decreasing over the quantity 
interval 0 < q; < q7 . The amount consumer 
iis willing to pay for q; rather than go with- 
out is 


A, = f% w,(a)dt 


For any subset of consumers S$ C N — {1}, 
we have an aggregate demand correspon- 
dence V,(q), where q = 25q;, obtained by 
horizontally adding the demands of each 
consumer in S. The amount that any subset 
of consumers is willing to pay for q rather 
than go without depends on how g is al- 
located among the consumers. Let A s5(q) be 
this amount defined by the maximum 
{254 (q,): q: = 0, Esq; = q}. Thus As(g) is 
the maximum benefit that can be attained 
by allocating q among the various con- 
sumers. The maximum is attained when q is 
allocated so that q; = V;!(W5(q)), since any 
other allocation can be improved upon by 
increasing (decreasing) qg; when q; < (>) 
W;! (W5(q)). Therefore, we have 


Asla) = J = Eh" 


where q is allocated in the above manner. 

For the entrepreneur, the marginal cost 
of production is c(q) which is assumed to be 
nonincreasing and continuous over the in- 
terval [0,g(N)], where q(N) < Zag? is the 
total output defined below. This rules out 
increasing marginal cost over the relevant 
range of production. The total cost of pro- 
ducing q is 


WV (tdt W (tat 


C(q) = ie e(t)dt 


Before defining the characteristic func- 
tion, we make the following observations. 
First, any coalition which does not contain 
the entrepreneur cannot produce the good. 
Consequently, the maximum payoff that 
this coalition can expect to obtain on its 
own is zero. This essential role played by 
the entrepreneur may be due to the lack of 
technical skills, entrepreneurship, co- 
ordination, etc. on the part of the con- 
sumers. Conversely, the coalition that con- 
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tains no consumers, the entrepreneur alone, 
also can expect to gain zero at most. Second, 
the cost of production must be born solely 
by the players in the game. This rules out 
the possibility of covering deficits through 
taxation on the general public. The defini- 
tion of the characteristic function v is as 
follows: 


0 forl É SorS = {1} 


max {A 5(q) ~ C(q4),q > 0} 
forl E€ SandS + {1} 


(1) (S)= 


forg = Xsq,and for all S C N. Fori E S 
and S = {1}, the quantity that maximizes 
v(S) is denoted by q(S), and the quantity 
received by consumer i € S is denoted by 
q:(S). For convenience, g,(S) = 0 and 
A,(q,(S)) = 0 for all S C N. Since As and 
C are continuous, this maximum is attained 
either at g(S) = 0 or the point(s) for which 
W5(q(S)) = c(q(S)). If there is more than 
one point where the maximum is attained, 
we will take the minimum for q(S). The 
maximum is zero and g(S) = 0 when 
A5(q) — C(q) < 0 for all q > 0. This result, 
of course, is well known, Maximum welfare 
is attained at that quantity g(N) where de- 
mand is equal to marginal cost, and the 
quantity is allocated according to q;(N) = 
WF lN )))? 

An important property of this game that 
will be used throughout is as follows: 


PROPOSITION 1: The characteristic func- 
tion for the pricing game is convex. 


The proof of this proposition appears in 


3A special case of this game can be found in papers 
by Dermot Gatley, Stephen Littlechild and G. Owen, 
and Edna Loehman and Andrew Whinston. These 
authors assume q;(N) = 9,(S) for alliG SC N- {1} 
so that demands are perfectly inelastic. Under these 
conditions it can be shown that the characteristic 
function is strategically equivalent to v(S) = 
Zs C(q;) ~ ClZs4;). (See R. Duncan Luce and 
Howard Raiffa for a definition of strategic equiv- 
alence.) Thus evaluation of utility is unnecessary. A 
property of this special case that does not hold in 
general is that if consumer j generates more incre- 
mental value when he joins a coalition than consumer 
k generates, then consumer j generates more incre- 
mental value than k upon joining any coalition. 
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the Appendix. The concept of convexity is 
analogous to increasing returns in eco- 
nomics. A characteristic function is convex 
if and only if 


(2) WSU k) ~ WS) < (TU k) - xT) 
forall S C TCN- Ík} 


Therefore, the incremental benefit generated 
by a player upon joining coalition T is at 
least as much as that for joining coalition 
S if S C T. By convexity, the core exists 
and tends to be relatively “large.” For a 
complete description of the relationships 
between cores and convex games, see Lloyd 
Shapley (1971). 


B. Payoffs, Charges, anda 
Numerical Example 


The payoff or net benefit x; to consumer i 
in the pricing game is measured by the total 
benefit derived from q,(N) minus the charge, 
g(i), levied on consumer i. If g(i) is equal 
to the total benefit, then the payoff is zero 
and consumer i is neither better nor worse 
off than if he had never participated. The 
payoff to the entrepreneur is the profit 7, 
which measures total revenue minus total 
cost. These payoffs are written as follows: 


G) x= 7 = La) - CUN) 
x; = 4(q(N)) - g(i),i = 2,...,7 


In game theory terminology, the payoff 
vector x = (x,,X2,...,X,) is an imputation 
if it satisfies individual rationality. 


xı 2 Wl) = 0— X gi) = CUN) 


x; 2 vi) = 0 —> A,(9,(N)) 2 g(i), 
i= 2,..., 


and rationality on the part of the grand 
coalition, 


2, xı = N) = AslaN)) ~ CQ) 


Note that individual rationality on the part 
of the entrepreneur requires that total cost 
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be covered. Hence, only full cost-pricing 
rules will result in imputations. The core is 
a subset of the imputations, which requires 
rationality on the part of all coalitions. 
Therefore, x is in the core if for all $ C N, 


(4) X x, 2 (8) 


The following is a numerical example 
with two consumers that illustrates the 
above concepts. The individual and ag- 
gregate demand curves are 


2 
Palga) = — 5424+ 30 


3 
W3(q3) = —2q; + 30 
Wy(qn) = —.5qy + 30 


and the entrepreneur’s total and marginal- 
cost functions in the relevant quantity re- 
gion are 


1 
C EE T a | 
(4) ig? t+ 5q 


eq) =- iq 415 


With this information, (1) is determined as 
follows: l 
v(1,2) = A (27.7) — C(27.7) = 207.7 
v(1,3) = A43(8.0) — C(8.0) = 60.0 
v(N) = Ay(40.0) — C(40.0) 
A,(30.0) + A;(10.0) 
— C(40.0) = 300.0 
and v(S) = 0 for all other $ C N. 

The fundamental triangle (the set of all 
imputations) for this example is constructed 
in Figure 1. The payoff to player i is 
measured along axis x, and the core is de- 
limited by points abcde. 


Hl 


1 


II. Traditional Pricing Methods 


The following pricing methods are well 
known. The advantage of incorporating 
them in a game-theoretic setting is that it 
allows a clear representation of the sig- 
nificant similarities, differences, and the 
stability properties. 
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FIGURE 1 


A. Discriminating Two-Part 
Tariff-Profit Maximization 


This pricing method is ably discussed in 
Walter Oi’s Disneyland Dilemma. The en- 
trepreneur maximizes profit given by 


È (Ya)4: + T) - C@) 


where T, is a nonnegative license fee for 
consumer i. For a particular quantity, the 
consumer has a consumer’s surplus of A; — 
WV (q;)9;. When a license fee is charged, it 
is analogous to decreasing the consumer’s 
income. This drives the consumer to a lower 
indifference curve; but by zero income 
elasticity the consumer does not change the 
quantity purchased. There is a bound, how- 
ever, on the T,. If T, exceeds consumer’s 
surplus, then quantity is zero because the 
total charge exceeds the derived benefit. 
Therefore, the maximization is subject to 
the constraints 
(5) 7; < A;- ¥(¢)q; fori = 2,...,n 
The maximum z* is attained where price 
equals marginal cost, and (5) is satisfied by 
an equality fori = 2,..., m. Thus, the en- 
trepreneur captures the entire consumer’s 
surplus by establishing a personalized license 
fee for each consumer. The resulting allo- 
cation is x, = w* and x, = x; = 0, and is 
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given by point e in Figure 1. From the 
standpoint of fairness, there are obvious ob- 
jections one could raise in opposition to the 
core point e. 


B. Discriminating Two-Part 
Tariff—-Welfare Maximization 


With this method, the consumer’s welfare 
is maximized, while the entrepreneur’s 
profit is constrained to a nonnegative quan- 
tity. Using the same notation, we have 


(6) max W =X (4; - Vga ~ T) 
subject to (5) and 
D È (hada: + T) - C@) = 7 


Constraint (7) requires a fixed profit while 
(5) ensures that no consumer pays more for 
the good than it is worth to him. 

It can easily be shown that maximum 
profit is attained where W,(¢,N)) = 
Wy(q(N)) = c(q()). For notational con- 
venience, we let p = W,y(q(N)) below. The 
allocation of the remaining benefit is subject 
to 


Èx = WN) -7 


and 0 < x; < A,(q,(N)) — p4:(N) for 
i = 2,..., n. However, to ensure a core al- 
location (4) is an additional restriction that 
must be imposed. Thus if Cg and F denote 
the core and the set of allocations generated 
by the optimization problem when 0 < 7 < 
a*, then Cz C F. The implication is that if 
subcoalitions can strike up separate con- 
tracts with the entrepreneur, the set of 
charges levied on the consumers in the op- 
timization problem may contain unstable 
allocations. If x € F but x £ Cr, then at 
least one group of consumers can do better 
by dropping out of the grand coalition and 
bargaining separately with the entrepreneur. 

This point can be illustrated using our ex- 
ample. Assuming a break-even constraint 
so that 7 = 0, the set of allocations generated 
by the optimization problem are calculated 
by noting that p = 10, g.{N) = 30, and 
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q3(N) = 10 so that constraints (5) and (7) 
yield 


0 < T, < 300 
0 < T, < 100 
T, + T; = 100 . 


This set of allocations is represented by line 
segment fh in Figure 1. Point f corresponds 
to T, = 0, 7; = 100, and point h corresponds 
to T, = 100, 7; = 0. 

Along fh, only those points on line seg- 
ment bc are in the core. This indicates that a 
more restrictive set of license fees are 
needed to ensure stability. To obtain these 
fees we note that b and c are extreme points 
of the core in a convex game, and are there- 
fore represented by the payoff vectors 
EC), (N) — x(13), v(13) — v(1)), and (v(1), 
v(12) — v{1), (N) — v(12)), respectively (see 
Shapley (1971)). In turn, these payoffs and 
(5) and (7) yield 


60 < T, < 92.3 
7.7 < T, < 40 
Ta + T, = 100 


The noncore allocations on segments fb and 
ch arise becàuse the optimization problem 
does not account for opportunities available 
to subcoalitions. For instance, if alloca- 
tion f were proposed, the net benefit to 
consumer 3 is A;(q3(N)) — pq3,(N) — T, = 0. 
Consumer 3 could improve upon this situa- 
tion by striking a separate bargain with the 
entrepreneur and receiving as much as 
v(1,3) = 60. 

Two more examples are shown in Figure 1 
by line segments f’h’ and f"h" correspond- 
ing to W* = 150, w = 150 and W* = 50, 
r = 250, respectively. 


C. Uniform Two-Part Tariff 


With a uniform two-part tariff T; = T for 
i = 2,...,n. Since this adds another set of 
constraints to the -welfare-optimization 
problem, the optimal solution must remain 
unchanged or decrease. A decrease occurs if 
some consumers abandon the market en- 
tirely because T is too large. In this case 
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v(N) is not attained and a loss of total wel- 
fare results. 

To illustrate this, we maximize (6) subject 
to (7). The only difference now is that T; is 
replaced by T in both expressions. From the 
first-order conditions, p = c(q(N)) and 


n- l 
The license fee is the portion of cost and 
profit not covered by per unit price, divided 
by the number of consumers. This solution 
satisfies 


È x = (N) 
provided that 
(9) T < min {A; — pq(N),i = 2,...,2} 


Equality in (9) implies that 7 is the maxi- 
mum attainable profit given that price 
equals marginal cost and all consumers are 
included in the market. However, this may 
not be the maximum profit available; ex- 
cluding some consumers by violating (9), 
and/or deviating from marginal-cost pric- 
ing may yield a greater a but 


a x, < (N) 


Although this latter situation can poten- 
tially be changed to the advantage of every- 
one, the presence of the uniform tariff 
prohibits the change. 

In terms of the example, the maximum 
attainable profit when all consumers are 
included in the market and v(N) is realized 
requires from (9) T = A; — pq,(N) = 100. 
Substituting this into (8) with p = 10 and 
C(q) = 500 yields = 100. Thus x, = 100 
and from (3) with g(i) = pq,(N) + T, x, = 0 
and x; = 200. Unlike the discriminatory 
two-part tariff, a uniform two-part tariff 
yields a unique allocation for each 7. For 
m = 100, this corresponds to point w’ in 
Figure 1. Using similar calculations in the 
uniform two-part tariff case, we can obtain 
point w where T = 50, x, = 7 = 0, x, = 250, 
and x; = 50; or any point on the line seg- 
ment ww’ along which 50 < T < 100 and 
0 < 7 < 100. Note that ww’ includes alloca- 
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tions inside and outside the core; therefore, 
uniform tariff structures also have instabil- 
ity problems. In particular, any point on the 
segment connecting w and the intersection 
of ww’ with ab will be unsatisfactory to 
coalition {1,3} because of a combination of 
small profits and a relatively large license 
fee for consumer 3. 

To maximize v in this example, it is nec- 
essary to exclude consumer 3 by setting 
Ws(q(S)) = c(q(S)) and T = A,(9,(S)) — 
Ws5(q(S))q2(S) for S = {1,2}. We obtain 
q(S) = 27.7, Ws(g(S)) = 11.5 and T = 
255.5 so that x; = x, = O and x, = 207.7 = 
v(1, 2). This global profit maximum is a one- 
consumer-—one-producer case where the en- 
tire consumer’s surplus is exhausted by 
the two-part tariff. Point u on the x, axis 
in Figure 1 represents this solution. The 
circle indicates that u is below (closer to 
the origin) the plane of the triangle. There 
are many points in the core which are su- 
perior in the sense that all players could be 
made better off. 


III. Game-Theoretic Pricing Rules 


Solutions that allocate the value of a 
game abound in the game-theory literature. 
The core itself is a type of solution. If it 
exists, it contains the set of outcomes that 
cannot be improved upon by any coalition; 
consequently, the definition of the core is 
easily defended as a minimum criteria for 
a viable solution. Since the core does exist 
in our pricing game, we can justifiably 
eliminate pricing methods which result in 
noncore outcomes. The results of the pre- 
vious section indicate that some traditional 
methods may fall into this category. The 
pricing game is also convex so that the core 
is large, and there are many outcomes to 
choose from; unless one is willing to make 
ethical judgments, the problem of selecting 
a unique outcome remains. We are con- 
fronted with a distributional problem of 
selecting one Pareto optimum allocation 
from among many. 

In what follows we consider two game- 
theoretic solutions that select a particular 
Pareto optimum and thereby assign unique 
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charges to each player. These solutions are 
the Shapley value and the nucleolus. In 
Section II, g took on the familiar form of a 
two-part tariff (i.e., g( = pq; + T;). The 
game-theoretic solutions yield a single lump 
sum charge to consumer i for quantity 
q(N). As Oi suggests, however, this charge 
can always be reinterpreted as a two-part 
tariff. Consequently, the game-theoretic 
solutions are special cases of multipart 
tariff structures, 


A. The Shapley Value 


The Shapley value was introduced by 
Shapley (1953), and has been discussed as a 
cost allocation scheme by Martin Shubik, 
Littlechild and Owen, and Loehman and 
Whinston. By convexity the Shapley value 
is in the “center” of the core in the cost 
allocation game.4 Using the characteristic 
function in our example and the Shapley 
value formula 


a, Se ee 
SCN n! 
iS ; 


“[W(S) — x(S — {i))] 


where s is the number of plavers in coalition 
S, the payoffs are x, = 144.6, x. = 114.6, 
and x; = 40.8. Point s* in Figure 1 repre- 
sents this allocation. 

It is difficult to say whether this alloca- 
tion is fair, because it is not clear how one 
compares the entrepreneur’s payoff with 
the consumers’ payoffs. In terms of profit, 
if C(q(N)) is the cost of capital then the re- 
turn on investment is over 50 percent. The 
Shapley value awards this large payoff, be- 
cause of the entrepreneur’s asymmetric 
role in the game. Unlike the other players, 
the entrepreneur has no demand; yet with- 
out him all coalitions are powerless. Oc- 
cupying this strategic position means that 
i/nth of the core extreme points coincide 
where the entrepreneur receives the full 
benefit (point e in Figure 1).° The Shapley 


4Center refers to the center of gravity of the core 
vertices. See Shapley (1971). 

5The core of a strictly convex game (marginal cost 
strictly decreasing) has n! extreme points correspond- 
ing to the n! possible orderings of the players. An 
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value is an evenly weighted combination of 
the extreme points; consequently, the entre- 
preneur always receives v(N)/n plus a 
weighted portion of the other extreme 
points. 

Normally, an entrepreneur can not ex- 
pect, nor do we observe 50 percent profits. 
However, this 50 percent is dependent on 
the particular example. If consumers’ sur- 
pluses are less, then potential profit is less. 
There may also be other reasons why 50 
percent is not attained in practice. We have 
assumed that coalitions without the entre- 
preneur are powerless by their inability to 
produce. We can relax this assumption by 
allowing consumer coalitions to produce 
subject to a cost function C,, where C,(q) > 
C(q) for q > 0. Consumers can produce on 
their own but not as efficiently as an entre- 
preneur. Then if the entrepreneur insists on 
a profit that consumers find unacceptable, 
consumer co-ops may form and undermine 
his profit. The effect of consumer co-ops on 
the game is to alter the characteristic func- 
tion. Instead of x(S) = 0 for 1 Æ S, we 
would have 


x(S) = max {As(q) — C.(q),q = 9} 


This clearly weakens the entrepreneur’s 
power and decreases his Shapley payoff. 
Other phenomena that may limit profits 


` are competition and regulation. 


B. The Nucleolus 


A consumer may agree to maximize the 
payoff to the least well-off coalition if he 
feels he may be in that coalition. A game- 
theoretic solution that embodies this type 
of payoff is the nucleolus as proposed by 
David Schmeidler. For each payoff vector 
x © R”, where x; > 0,7 = 1,...,n and 


x(N) = E x; = (N) 
iEN 


extreme point corresponds to a payoff where every 
player receives the marginal benefit he generates as 
he enters the game. See Shapley (1971). ` 

éThere is an analogy here with John Rawls’s pro- 
posal for just allocation. 
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Let 6(x) be a vector in R”. The compo- 
nents of #(x) are v(S) — x(S) arranged ac- 
cording to magnitude, where S runs over all 
coalitions of N; i.e., i < j — Ox) > 64(x). 
The 6 vectors are ordered lexicographically 
as follows: if 0(x) precedes 6(y) in the or- 
dering, then either 6'(x) < 6'(y), or 07(x) < 
6°(y) and 8'(x) = 6'(y), or Px) < #(y) 
and #/(x) = 6/(y) for j = 1 and 2,..., or 
62"(x) < 6?"(y) and 6/(x) = (y) for j = 
1,...,2” — 1. This lexicographic order on 
R?” induces a quasi order on R”, and the 
nucleolus is the first payoff vector in the 
quasi order. If the scalar S$) — x(S) is 
considered the objection raised by coalition 
S against payoff x, then the nucleolus is that 
payoff where the maximum objection raised 
over all coalitions is less than the maximum 
objection raised over all coalitions against 
any other payoff. It should be clear that the 
nucleolus is unique and in the core if the 
core is nonempty. 

The nucleolus can be calculated using 
linear programming.’ For our example, the 
nucleolus is x, = 133.8, x, = 120.0, and 
xX, = 46.2, and is represented by point n* in 
Figure 1. To further appreciate the rationale 
behind the nucleolus, it can be compared to 
the Shapley value payoff in the same ex- 
ample. Let s* and n* be the Shapley value 
and nucleolus payoff vectors (i.e. s* = 
(s* ,s¥,s¥) = (144.6, 114.6, 40.8) and n* = 
(n¥ nk nF) = (133.8, 120.0,46.2) so that 
the 0 vectors of objections are as shown in 
Table 1.° 

Coalitions {1}, {1,2}, and {1,3} favor the 
Shapley value, and coalition {1,2} has the 
greatest objection (— 46.2) to the nucleolus. 
On the other hand, coalitions {3}, {2}, and 
{2,3} favor the nucleolus and coalition {3} 
has the greatest objection (— 40.8) to the 
Shapley value. The nucleolus is superior in 
the sense that the objection of — 46.2 against 
the nucleolus is weaker than the objection 
of — 40.8 against the Shapley value. 

As it stands, the objection raised by 


TIn case v(i) > 0 for any i €E N, the game must be 
normalized so that the above conditions imply in- 
dividual and group rationality. 

8See Owen for this linear programming method. 

9Slight discrepancies are due to rounding. 
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TABLE I—A COMPARISON OF THE SHAPLEY 
VALUE AND THE NUCLEOLUS 














S (S)  n*(S) (S) OR) e*) 
N 300.0 300.0 300.0 0 0 
{3} 0 46.2 408 46.2 -408 
{1,2} 207.7 2538 259.2 -46.2 ~515 
{2} 0 1200 1146 -120.0 -114.6 
{1,3} 60.0 180.0 185.4 -1200 -125.4 
0} O 1338 1446 -133.8 -144.6 
{2, 3} O 166.2 1554 166.2 —155.4 


coalitions against certain payoffs are inde- 
pendent of the number of players in the 
coalitions. A reasonable alternative is to 
allow objections by large coalitions to carry 
more weight than objections by small coali- 
tions, This may be especially important in 
light of the asymmetric role of the entre- 
preneur. His objection could be either am- 
plified or discounted depending on his bar- 
gaining power. 

Both the Shapley value and nucleolus are 
guaranteed to be in the core of the pricing 
game, and they both yield lump sum charges 
that can be reinterpreted as two-part 
tariffs. Price is equal to marginal cost since 
the characteristic function implies that each 
consumer receives q;(N). The set of license 
fees, however, depends on the shape of the 
demand and cost curves. The core can be 
used to indicate the bounds on these license 
fees. Using (3), (4), and g(i) = pq,;(N) + T, 
we have for S C N, 


2 T; < C@(S)) - 2 paN) 
+ 3 [4,(qi(N)) — 4:4:5) 


Thus, the set of upper bounds indicate that 
the license fees for subcoalition S must not 
be so great as to result in a net benefit to S, 
less than what S could acquire on its own. 
For a lower bound, the standard nonnega- 
tivity constraint on T, continues to hold. To 
see this, consider the outcome if T, < 0, 
i.e., the charge to consumer j is less than 
pq,(N). Then 


a ali) > CQ(N)) ~ pa(N) 
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FIGURE 2 


and x, Ala N) — CN) 
n-Íj 
F paq; (N )> È x 
l vt) 
_ With (4), the condition for x to be in the 
core, this implies 


0O E (Aa) — 4,0Q(N - LD) 


> C(qg(N)) — CUN - UD) + pa). 


However, this last inequality is false as we 
illustrate diagrammatically in Figure 2. 
Substituting the lettered areas into (10) 
yields 


A+B+C-A—B>B+C4+D 


+E+F-~B-—E-F 


But C  C + D, implying that each con- 
sumer must at least pay the uniform price 
for the quantity he consumes. 


IV. Concluding Remarks 


In this paper, we have examined the 
familiar problem of pricing in decreasing 
cost industries. In doing so, we have ‘em- 
phasized a game-theoretic criterion for 
evaluating traditional pricing arrangements. 
This criterion is the stability concept which 
must be satisfied if consumers and produ- 
cers are to accept charges as levied, and not 
disband into smaller groups. It was seen 
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that game theory provided a natural en- 
vironment for analyzing these traditional 
pricing arrangments, and the pricing game 
developed was shown to be convex. Finally, 
it was shown that well-known pricing ar- 
rangements such as two-part tariffs do not 
guarantee stability, while certain’ game- 
theoretic solutions, including the Shapley 
value and nucleolus, do guarantee stability. 


APPENDIX 


We first prove that the characteristic 
function for a pricing game (PG) without 
the entrepreneur satisfies (2). In PG, indices 
l,...,” refer to consumers and consumer 
coalitions can produce the good. Thus (1) 
becomes 


»(S) max {4s(q) — C(q4),q 2 0} 


for all S C N and q = 25q,. The proof is 
divided into two cases. Case 1 considers 
q(S U k) < q(T), and: Case 2 considers 
WS U k) > q(T). 


CASE 1: gS Uk) < q(T) 


In what follows, we will make use of the 
following observations. If a consumer 
moves from his present coalition to a new 
coalition, where the new coalition consumes 
more in total than the present one, then the 
consumer’s own consumption will never 
decrease. Thus i € S C T implies 9,(T) 2 
q)(S). To see this, note that for q(T) > 
q(S), we have 


c(q(S)) > caT) of ¥g(q(S)) > Y(T) 


Since demand functions are monotonically 
decreasing we have 


GAS) = YF (FUS _ i 
< Yr (Ys(T))) = 4:(T) 
If each consumer i € S increases his - 
quantity demanded from q,(S) to gS U k), 
the gain in benefits is i 


10For convenience, the notation “S U k” and 
“T U k” is used throughout the Appendix instead of 
the correct notation “S U {k}” and “T U {k}.” 
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È LA (S U K) - A(S) 
The increased cost of such a move is 
C(E a(S U &)) ~ Clas) = 

CUS U k) = a(S U K) - CUCS) 


which must be at least as great as the in- 
creased benefits, because q;(S) was chosen 
‘0 maximize welfare. Therefore, 


2 [4:4 (S U k)) — A(q(S))] 
< CUCS U k) — a(S U k) - CUCS) 
and adding A,(q,(S U k)) — CUCS U k)) 
to both sides then rearranging yields 
WS U k) — (S) < A,(Q,(S U k)) 
-CUS U k)) — C@(S U k) 
-= a(S U k)) = B, 
Next, consider the coalition T U k. If 
we subtract a nonnegative quantity from 
zach consumer i € [T U k], the benefits 
lost must exceed the decrease in cost; other- 


wise the coalition is not maximizing 
(T U k). Thus 


2 4llT U k)) - È 4:4(T) 
TUk T 
= AlS U k) 

2 [CUT U k)) — CUT) + a(S U O) 
and adding C(q(T)) to both sides and rear- 
ranging yields 
(TU k) — AT) > Ag (S U &)) 

— [CQ(T) + a(S U k) - C@(T))] = B, 

We need only show that B, > B, or 
CS U k)) — CUCS U k) - a(S U k) 

> CUlT) + a(S U k)) - CUT) 


But this follows from the assumption that c 
is nonincreasing and g(S U k) < q(T). 
Therefore, (2) holds for gS U k) < q(T). 


CASE 2: gS U k) > q(T) 


Using an argument from Case 1 where 
consumers in § increase quantity demanded 
beyond qg,(S), we have 
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E (4(G(7)) ~ AGS) 
< [F aM) - cas) 


Adding 
B, = 2 A:S U K) + 4S U &)) 


z 2 4:4: (T) 
and — C(q(S U k)) to both sides yields. 
WSU k) — x(S) < B, — CUCS U k) 

C (T)\ = B, 
+ È qil ) 


Again using an argument from Case 1 
where a nonnegative quantity is subtracted 
from each consumer i € [T U k], we ob- 
tain 


D [4T U W) — AGS U O) 
+ Ax(q(T U K) — AKS U k)) 
+ 2 [A(T U k)) - 4,(9(T))] 
2 CT U k)) 
S C(ats U k) = 2 q(T) + aT) 


Adding C(¢(T)) — 25A,(qT)) to both 
sides and rearranging yields 


X(T U k) - x(T) > B, 
= CAS U K + aT) - X aT) 
+ Cq(T)) = Bs 
We need only show that B; > B,, or 
CQ(T)) - Ce a(7)) 
Ss 
> Cas U k) + 2. a(7)) -= CUS U k) 
But this follows from the assumption that c 


is nonincreasing and g(S U k) > q(T). 
Therefore, (2) holds for «(S U k) > q(T). 


This completes the proof that PG is con- 
vex. Although we assumed continuity on c 
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and the demand functions, this can be re- 
laxed to piecewise continuity. Finally, if the 
entrepreneur is included, the characteristic 
function is still convex. We state this in the 
following proposition, the proof of which is 
not difficult. 


PROPOSITION 2: If v is a convex game on 
N and w is a game on N U {j} given by 
wS) = 0, w(S U j) = x(S), wG) = 0 for 
S C N, then w is convex. 
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Gold, Dollars, Euro-Dollars, and the 
- World Money Stock under Fixed Exchange Rates 


By ALEXANDER K. SWOBODA* 


In a rapidly inflating domestic economy, 
explanation of the inflationary process must 
of necessity focus on the determinants of 
the money supply. By analogy, in a closely 
integrated world economy under fixed ex- 
change rates the behavior of the sum of in- 
dividual countries’ money stocks—the 

. “world money stock’’—should play an im- 

portant role in determining the behavior of 
the “world price level”? (an index of national 
price levels). This is recognized in analytical 
models of the international monetarist 
variety where, under the assumption that 
all goods are traded (or more generally that 
relative prices are not affected in the long 
run by monetary disturbances), the world 
price level adjusts to equate the world de- 
mand for money with the supply. 

Strictly fixed exchange rates imply that 
-national money stocks can be treated as 
components of a Hicksian composite com- 
modity, the world money stock, since ex- 
change-stabilization operations prevent 
variations in the relative values of national 
currencies. Closely integrated capital mar- 
kets insure that the world money stock is 
redistributed rapidly from country to coun- 
try in response to payments disequilibria of 
monetary origin, thus ensuring a tendency 
towards rapid return to balance-of-payments 
equilibrium (which can, of course be frus- 
trated by systematic attempts at neutraliza- 

-tion of reserve flows). Closely integrated 
goods markets insure that the price levels of 
various countries move in harmony—ab- 


*Professor of international economics, Graduate 
Institute of International Studies, Geneva, and visiting 
professor of economics, Harvard University. The 
original version of this paper was prepared for the 
Money Study Group’s Oxford Seminar in honor of 
James Meade, September 25-27, 1974, It includes ma- 
terial developed in connection with a research project 
on “National Economic Policy and the International 

t Monetary System” at the Graduate Institute of Inter- 
itional Studies under a grant from the Ford Founda- 
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stracting of course, from divergent trends in 
productivity and/or tastes that may cause 
changes in relative prices, including both 
the terms of trade and the ratio of the price 
of nontraded to traded goods. In such a 
world, one can view the world stock of 
money as determining the world price of a 
composite cgmmodity, the components of 
which are national output levels. Though 
far too simple for many purposes, this 
Humean or Ricardian view of the world 
economy is instructive in periods dominated 
by disturbances of monetary origin. 

For this type of analysis to be complete, 
however, the question of what determines 
the supply of money in the world must be 
answered. This paper seeks to answer this 
question within the confines of a con- 
ceptually (though not necessarily alge- 
braically) very simple model. The world is 
assumed to be divided into two parts, 
Europe and the United States. National 
money stocks consist of commercial bank 
liabilities only, and the world money stock 
is defined as the sum of the money balances 
held by the public of each country.’ Various 
institutional arrangements are considered, 
including a gold standard, a dollar stan- 
dard, and the Euro-dollar system. The 
model provides a first answer to such ques- 
tions as: does it make any difference to in- 
flation whether monetary expansion origi- 
nates in one region or the other; what asym- 
metries does a dollar standard introduce 
into the international monetary system; 
what determines the size of the Euro-dollar 
market and in what sense, if any, is its 
growth inflationary? 

Two key assumptions are used to answer 
these questions, namely, 1) that reserve 


!To sum national money stocks, they must of course 
be expressed in terms of the same currency, existing 
fixed exchange rates providing the required conversion 
factor. 
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flows take place until balance-of-payments 
equilibrium is reestablished and 2) that pay- 
ments equilibrium requires that the money 
stocks of the two regions stand in given pro- 
portion to each other. These assumptions 
are not arbitrary. They urderlie the Hume- 
Senior-Ricardo demonstration that the 
natural distribution of specie (here the nat- 
ural distribution of the world money stock) 
tends to assert itself through the specie flow 
(here the reserve flow) mechanism. With 
these assumptions it is possible to analyze 
the world money supply process under fixed 
exchange rates in a manner that is strictly 
analogous to the analysis of closed-economy 
monetary systems characterized by various 
stable asset-preference ratios. The model 
thus integrates, in simplified fashion to be 
sure, the money supply analysis pioneered 
by James Meade (1934) with balance-of- 
payments theory to which he has contributed 
so much. 

It should be sident that the two assump- 
tions above are particularly useful when 
analyzing a world of strictly fixed exchange 
rates where spot rates are not expected to 
change and are equal to forward rates. The 
present paper is confined to this case on 
several grounds. In the first place, this is not 
a bad assumption to make when inter- 
preting, in broad and global terms, the 
evolution of the international monetary 
system until the breakdown of the “Bretton 
Woods system.” Second, the analysis de- 
veloped below should help throw light on 
the issues involved in designing a fixed ex- 
change rate system, should the world return 
to such a system; furthermore, it remains 
relevant to the extent that managed floating 
retains elements of fixed rates and that 
holdings of foreign-currency assets by the 
public and authorities introduce elements of 
interdependence among national banking 


2Money supply analysis of the multiplier variety has 
since become a standard feature of textbooks in money 
and banking: for some of the main contributions to its 
development see, among others, Philip Cagan, Milton 
Friedman and Anna Schwartz, and Karl Brunner and 
Alan Meltzer. The locus classicus cf Meade’s contribu- 
tion to balance-of-payments theory is of course his 
The Balance of Payments. 
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systems even under formally floating ex- 
change rates. Be that as it may, the virtue 
of the procedure adopted in this paper is 
that it makes possible the analysis of prob- 
lems that have not been solved satisfactorily 
hitherto. For instance, the determinants of 
the base of Euro-dollar expansion are 
usually assumed to consist of exogenously 
determined flows of deposits to that mar- 
ket, these flows depending in turn, in the 
more sophisticated existing analyses, on 
exogenously given payments disequilibria. 
In the present paper these flows are made 
endogenous. The only exogenous variables 
are the quantities of domestic assets of cen- 
tral banks (these are policy variables) and 
the world stock of outside assets (gold). 

The analysis begins with the discussion 
of a simple gold standard model and of a 
number of key assumptions. A more gen- 
eral model is then presented; its com- 
plexity motivates the procedure adopted in 
subsequent sections of discussing special- 
ized versions of the basic general model. 
These versions include the dollar standard 
and introduce the Euro-dollar market. The 
role of neutralization operations is em- 
phasized throughout and the importance of 
institutional arrangements for the effective- 
ness of monetary policy is illustrated with a 
number of numerical examples in Section 
V. For instance, on not entirely unlikely 
assumptions as to the magnitudes of be- 
havior parameters, a $1 open-market pur- 
chase of securities in the United States 
increases the world money stock by some 
$5.9, whereas an equivalent purchase origi- 
nating in the rest of the world increases the 
world money stock by only some $3.5. If 
the United States neutralizes all reserve 
flows, these figures are changed to 10 and 
0, respectively. The concluding section of 
the paper discusses a number of implica- 


3Analysis of such interdependence can, however, 
become quite complex. The determinants of the 
demand for foreign-currency holdings are not easy to 
specify and much depends on the specific assumptions 
made as to the modus operandi of foreign-exchange 
intervention by central banks. There are, however, 
some obvious extensions of the analysis of Section IV 
below; these are left to the reader. i 
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tions of the analysis.* For convenience, a 
list of symbols and of the main behavioral 
relationships and’ balance sheet identities is 
provided in the Appendix. 


I. The World Money Stock under 
a Gold Standard 


The world is assumed to consist of two 
countries, the United States (country 1) and 
Europe (country 2). Variables pertaining 
to Europe are identified by an asterisk. The 
exchange rate between the two currencies is 
assumed to be strictly fixed (both spot and 
forward), without margins, and is assumed 
for convenience to be equal to 1. This al- 
lows us to reckon all amounts in dollars.‘ 
The world money stock is defined as the 
sum of the money supplies in the hands of 
the public resident in each country.6 Com- 
mercial bank liabilities are the only type 
of money held by the public. No distinction 
is made between demand and time deposits. 
Commercial banks hold a fixed ratio of 
reserves against their deposit liabilities. We 
thus neglect the effect of a change in money 
supplies on interest rates and the feedback 
‘to desired reserve ratios; this is not a ser- 
ious defect from our point of view since the 
qualitative results hold under variable in- 
terest rates as long as the latter are stable 
functions of money supplies and as long as 
reserve ratios are stable functions of interest 
rates. 


4] have made use of a similar general analytic tech- 
nique in a previous paper. That paper, however, sup- 
presses the algebra made explicit in the present one 

„and addresses itself to a separate though related set 
of questions. In a recent paper, Hans Genberg and I 
have estimated a simple, simultaneous two-region 
model of worldwide inflation under the dollar stan- 
dard for the period 1957-71. This model which con- 
tains a rudimentary world money supply process con- 
firms the asymmetries noted in the present paper, and 
offers some evidence as to the process of adjustment 
from short to long run. 

5For some purposes, notably the analysis of de- 
valuation, the exchange rate can easily be introduced 
in the formulae developed below. 

é Holdings of foreign-currency denominated money 
by the public are ignored in this section. One special 
form of such holdings, Euro-dollar deposits of the 
European public, is discussed in subsequent sections. 
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The method of analysis is that of com- 
parative statics. An initial equilibrium is 
disturbed by a change in an exogenous vari- 
able or by an autonomous shift in a be- 
havior parameter, and the new equilibrium 
is compared with the initial one. There are 
three exogenous variables in the system— 
two policy variables, namely, the domestic 
assets held by the United States (A) and 
the European (A*) central banks and a 
‘“‘nature-given” variable, the world stock of 
gold (G). Behavior parameters reflect de- 
sired or compulsory reserve ratios of com- 
mercial banks, and asset preferences of the 
public. An increase in A represents an ex- 
pansionary monetary policy by the U.S. 
central bank, that is, an open-market pur- 
chase of securities: an increase in A* repre- 
sents a similar policy by the European 
central bank. Endogenous variables include 
the world money stock, its distribution 
among the residents of the two countries, 
and the distribution of foreign-exchange 
reserves among the two central banks. 

Equilibrium is defined by equality of the 
demand and supply of money in each coun- 
try and by payments equilibrium. In the 
simple static models of this paper equilib- 
rium obtains when the asset preferences of 
the public are satisfied and the world money 
stock has been distributed among the resi- 
dents of the two countries in the propor- 
tion required for payments equilibrium. 
This proportion is assumed to be fixed and 
is denoted by £ (to be discussed in the next 
paragraphs). Endogeneity of foreign- 
exchange reserves makes attainment of 
this equilibrium proportion possible; the 
implicit dynamic mechanism of adjustment 
is that reserves flow until the distribution 
of the world money stock compatible with 
payments equilibrium has been reached. 

As the existence of such an equilibrium 
distribution of the world money stock is cru- 
cial to the analysis, a brief discussion of its 
meaning is in order here: 8 is defined as the 
ratio of the first country’s money stock to 
the world money stock. In equilibrium the 
demand for money is equal to the supply in 
both countries. Algebraically, equations (1), 
(2), and (3) below define, respectively, the 
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equality of the demand and supply of 
money in countries 1 and 2, and the equilib- 
rium distribution 6 of the world money 
stock: 


a) M=L(Y,i)-P 
(2) M* = L*(Y*,i*)- P* 
M M 
O 8 ie tee 
L(Y,i)+P 


L(Y, i): P + L*(¥*,i*)+ P* 


where M is the money stock, L is the de- 
mand for money, Y is output, i is the rate of 
interest, and P the price level. The subscript 
w identifies world variables. 

It is obvious that in the equilibrium of a 
classical static world where Y, Y*, i, i* are 
given and where P and P* are equalized 
through trade (or change in proportion in 
the absence of long-run changes in relative 
prices) 8 can take on one and only one 
value (the world price level adjusts to 
changes in the world money stock). More 
generally, however, it can be shown that 6 
will, for a large class of models, be invariant 
to the origin of money supply disturbances 
and that it will either be invariant with re- 
spect to a change in M,, or be systematically 
and predictably related to such a change. 
Differentiating (3) and denoting percentage 
changes in a variable by capping it with a 
hat, one obtains: 


(4) 8 = (1 - 8) (my? -atret 
+ (nut — aint) + (Ê - PH) 


where 7,, denotes the elasticity of y with 
respect to x. In a fixed price two-country 
model of the Keynesian variety, it can be 
shown that 6 will still be independent of the 
national origin of a world money stock 
change.’ In addition Y = Y* if the income 
elasticity of the demand for imports is unity 
in both countries and payments equilib- 
rium requires that 7 = î* (if capital flows 
are a function of the ratio of interest rates). 
In these circumstances, 6 does not change 


7This is demonstrated, and is shown to hold in- 
dependently of the degree of capital mobility, in the 
author and Dornbusch. 
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in response to a change in the world money 
stock if the income and interest elasticities 
of the demand for money are the same 
across countries. Otherwise, an expansion 
of the world money stock will raise 6 if 
Ary > Nfoy- and if ay; < nss. 

In what follows, it will be assumed for 
simplicity that, in equilibrium, 6 can be 
treated as exogenous, its long-term changes 
being governed by such factors as different 
rates of growth of income and productivity 
across countries and sectors. Such changes 
in 6 due to changes of nonmonetary origin 
occur continuously in the real world but 
will be abstracted from in this paper.* Of 
course, 8 will only be established in the 
long run, that is, after complete payments 
adjustment has taken place. At any point 
in time, the actual value of 6 is subject to 
short-run changes due to variations in 
monetary policy. It tends back to its initial 
equilibrium through a complex adjustment 
mechanism which involves reserve flows, 
changes in the world and national money 
stock, and variations in interest rates, 
prices, and income levels. The relevance 
of the analysis depends partly on the speed 
of that adjustment mechanism—which is 
likely to be quite rapid in a world of inte- 
grated goods and capital markets.’ 

With these assumptions, analysis of the 
determinants of the world money stock is 
straightforward. Consider, first, a version of 
the gold standard. The only international 


8This need not be a cause of great concern here 
since 1) the purpose of the analysis is to trace the 
consequences of ‘various institutional arrangements 
for disturbances of monetary origin, 2) adjustment in 
an integrated world economy tends to be fairly rapid 
in chronological time as noted in the introduction, 3) 
the consequences of a change in 8 due to changes in 
relative prices or differential growth rates can be 
readily traced, 4) the analysis is designed, in part, to 
illuminate adjustment in times dominated by distur- 
bances originating on the supply side of the monetary 
process. 

9 Empirical evidence on the speed of adjustment is 
provided in Genberg and the author. The mean time 
lag of the adjustment of £ to its equilibrium value is 
estimated to be two quarters in a simple simultaneous 
two-region model of the industrialized world for the 
period 1957-71, which incorporates a rudimentary 
world money supply process. 
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reserve asset held by central banks is gold, 
the world stock of which is assumed to be 
given exogenously. In the particular ver- 
sion of the gold standard that follows, it is 
assumed that central banks do not keep a 
fixed ratio of gold to the national money 
stock. Instead, they exercise a certain 
amount of policy independence by engaging 
in open-market purchases and sales of 
domestic assets.!° The structure of the sys- 
tem is given in the balance sheets below. 


United States 
Fed Commercial Banks 
Assets Liabilities Assets Liabilities 
A R R M 
aG L 1 
Europe 


European Central Bank Commercial Banks 


Assets Liabilities Assets Liabilities 
A* R* R* M* 
(1 — a)G Lf 


_In addition to the symbols already defined 
above, R represents commercial bank re- 
serves with their central bank, L, loans and 
investments of commercial banks, and æ the 
proportion of the world’s gold stock G, held 
by the U.S. central bank (the Fed). Note 
that a is an endogenous variable. Three fur- 
ther definitions are required: 


R 1 
©) on” ae 

* 
ae ee 
= M M 
7 = -æ Fee” 
7) b =M,” MiM 

mA + aG) 


mA + m*A* + m*G + (m — m*)aG 


10That independence is, obviously, limited by the 
requirement that gold holdings be positive. Other ver- 
sions of the gold standard can readily be worked out. 
For instance, one could easily develop a model in 
which national money supplies are, in the long run, 
proportional to central banks’ holdings of gold and 
where central banks’ portfolios of domestic assets 
are varied according to some stock adjustment rule 
towards that proportion in the short run. i 
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Equations (5) and (6) define the reserve 
ratios of the two commercial banking sys- 
tems (assumed to be fixed and equal by 
definition to the inverse of the national 
money supply multipliers m and m*). Equa- 
tion (7) restates the definition of 8, the 
equilibrium distribution of the world 
money stock. 

Suppose that the Fed carries out an ex- 
pansionary open-market operation, increas- 
ing A by dA. The impact effect is to increase 
M, and hence M,,, by mdA. This is not the 
end of the story, however, since, other 
things equal, the open-market operation 
has created an excess supply of money in 
the United States. That country experiences 
a payments deficit; as a consequence gold 
flows to Europe, increasing the money sup- 
ply there and decreasing it in the United 
States. To obtain the final effect on the 
world money stock and other variables 
after reserve flows have restored payments 
equilibrium, it is convenient to solve for 
M,, in terms of exogenous variables and 
behavior parameters to yield:!! 


(8) M A+A*4+G 


” BA- 8) 


A number of important conclusions are 
immediately apparent from this expression. 
First, and most important, the effect on the 
world money supply of an equal size in- 
crease in A, A*, or G is exactly the same: 
the final effect on M,, of an increase in 
“base money” is independent of its na- 
tional origin. A “world money base” 
(A + A* + G) can meaningfully be de- 
fined. There is a basic symmetry in a gold 
standard system which insures that an 
open-market operation has the same effect 
on the world money stock—and, hence, on 
the world level of economic activity or 
prices—wherever it originates. Redistribu- 
tion of gold through the payments adjust- 
ment mechanism insures that monetary 
policy becomes internationalized in sym- 
metric fashion. Second, the “world money 
multiplier” (1 over the denominator on the 
right-hand side of equation (8)) is a weighted 


11 The derivation of expression (8) is given in fn. 26. 
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dM _ dM 8 5 dM, aM iy 
dA dA* rB + r*(1 - 8) dB dA* 
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dA dA* rB + r*(1 — B) dB fi] dA* 

dIR* ru- 6) u- dIR* (1 ~ 8) 

dA rB + r*(1 ~ B) dB B 

dIR* l -rB -6 dIR* 

dA* rB +r*(1 — B) dA* 


average of national money multipliers, the 
weights being the relative economic sizes 
of the two countries, 8 and (1 — 8). This 
result appeals to common sense. Suppose 
the United States to be very large relative 
to Europe: 8 tends towards 1. Any open- 
market operation will tend to change 
mainly the money supply of the United 
States and hence its multiplier should 
dominate. 

The symmetry noted above as well as the 
role of size is brought out very clearly in 
Table 1, which lists the effects of a change 
in A and A* on M, M*, M,, and on [R*, 
the stock of international reserves held by 
country 2, here gold. The first column of the 
table gives results for the general case, the 
second for the special case where the money 
multipliers are the same in the two coun- 
tries and the common multiplier and re- 
serve ratio are denoted by m and r, respec- 
tively (ignore the third column for the mo- 
ment). 

Equality of dM,,/dA and dM,, /dA* is the 
one conclusion from which all other results 
in Table-1 follow. This equality obtains 
even if domestic money multipliers differ. 
Suppose, for instance, that m* > m. A 
European open-market purchase of se- 
curities dAd* increases the world money 
stock by more than a corresponding pur- 
chase in the United States dd, before re- 


serves flow (at impact). But, when A* in- 
creases, Europe experiences a payments 
deficit that reduces Europe’s money supply 
by more than it increases America’s, and 
vice versa when A increases. This is why 
dM,,/dA = dM,,/dA* even if m =» m*. It 
immediately follows that the final effect of 
an open-market operation on individual 


national money stocks (M and M*) is in- 


dependent of its origin; for, the given 
change in the world money stock is dis- 
tributed among countries 1 and 2 in the 
fixed proportions 8 and 1 — 8, respectively, 
that is, in proportion to their relative eco- 
nomic size. Reserve changes are also pro- 
portional to size, but depend in addition on 
money multipliers when the latter differ. 
The higher r (given z*) and the lower r* 
(given r), the smaller will be the U.S. reserve 
loss attendant on an American open- 
market purchase of securities of given size: 
a high r reduces the initial excess supply of 
money created by dA and a lower r* implies 
that a small redistribution of reserves to- 
wards Europe suffices to produce a large 
increase in the European money supply. For 
similar reasons, the higher r* (given r) and 
the lower r (given r*), the smaller will be 
the European reserve loss attendant upon 
expansionary European monetary policy. 
The role of size is highlighted by consid- 
ering the case where money multipliers are 
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equal. Open-market purchases of securities 
_increase the domestic money supply in pro- 
portion to. the country’s relative economic 
size. They cause reserve losses that are in- 
versely proportional to the country’s rela- 
tive economic size. Consider the special 
case where Europe becomes negligibly small 
relative to the United States, that is, 8 
tends towards unity. A European open- 
market purchase (sale) results in an equal 
loss (gain) of foreign-exchange reserves. As 
a corollary, a European open-market op- 
eration fails to affect the money supply of a 
sufficiently small Europe. The explanation 
is simple: an open-market operation be- 
comes generalized and serves to increase the 
world money supply—the small country 
only retaining (or receiving) its infinitesi- 
mally small share of the total change. Our 
model thus demonstrates, in slightly differ- 
ent guise, the standard conclusion of analy- 
ses of the small open economy, namely, 
that, except in the short run, the monetary 
authorities of such economies have no con- 
trol over the national money stock, an 
open-market sale or purchase resulting in a 
` countervailing reserve loss. How short the 
short run is, is, of course, of crucial impor- 
tance for the conduct of monetary policy. 
For a very small open economy, in a world 
of closely integrated goods and capital mar- 
kets, it is likely to be quite short in chro- 
nological time.!? 
Neutralization operations by the mone- 
tary authorities in one country effectively 


12 Both analytical and empirical reasons underlie the 
statement in the text. For empirical evidence on high 
though not unitary offset coefficients, see, for instance, 

“Pentti Kouri and Michael Porter, In Genberg and the 
author, it is estimated that it took an average of two 
years during the 1957-71 period for monetary policy in 
the non-U.S. industrialized world as a whole to be 
completely offset by flows of international reserves 
when the United States pursued a policy of neutraliz- 
ing foreign influences on the American monetary base. 
This is not to deny that even a small country can 
maintain for some time a money stock that implies a 
payments disequilibrium. The required neutralization 
operations, however, are likely to become extremely 
large and unsustainable in practice in a world of 
integrated goods and capital markets, if the policy is 
pursued systematically over time unless it is designed 
to smooth out short-run variations in the demand and 
supply of money that tend to cancel out over time 

“(the cycle), 
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reduce the role of monetary policy in the 
other to what it would be were that other 
country infinitesimally small. Suppose that 
the United States buys (sells) an equivalent 
amount of securities in the open market 
whenever it loses (gains) gold. Consider 
the effect of an open-market purchase of 
securities by the European central bank 
under this assumption. The increase in A* 
results initially in an increase in M* and an 
outflow of gold to the United States. Amer- 
ican authorities, however, prevent this re- 
serve gain from affecting the U.S. money 
supply by decreasing A in step. A new 
equilibrium is reached when 4 has de- 
creased by the same amount as A* initially 
increased, and Europe has lost an equiv- 
alent amount of gold to the United States. 
Formally, neutralization can be modelled 
by letting B = A + aG, where B is the level 
at which the U.S. monetary authorities 
maintain the monetary base. This implies 
that A becomes an endogenous variable and 
that dA = —daG. The reserves of the U.S. 
commercial banking system are kept equal 
to B, and the world money supply formula 
(8), for the case where m = m* becomes: 


(8') M, = ".B 


In equilibrium, the world money stock is 
determined entirely by the level at which 
the neutralizing authorities choose to keep 
their money stock (mB) together with the 
latter’s share in the world money supply, 
that is, by the neutralizing country’s rela- 
tive economic size. The last column of 
Table 1 lists results for the case where the 
United States neutralizes reserve flows and 
confirms the conclusion that neutralization 
by the United States confines European 
open-market operations to effecting offset- 
ting reserve flows and robs them of any ef- 
fect on the European money stock.” In 
contrast, the U.S. monetary policy becomes 
quite powerful. An increase in the autono- 
mous component B of domestic assets held 
by the Fed raises the world money stock by 
the American domestic money multiplier 


13The derivatives in the table have_to be reinter- 
preted as being taken with respect to dB and not dA in 
the case of neutralization. 
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times 1/8. The total increase in A is of 
course larger since the United States neu- 
tralizes the reserve loss attendant on an in- 
crease in B." The smaller the United States 
is relative to Europe, the larger will be the 
reserve loss, and hence, the required neu- 
tralization operation. The latter tends to 
infinity as the neutralizing country becomes 
negligibly small relative to the rest of the 
world. This is in accord with yet another 
standard result of theorizing about small 
open economies, namely, that neutraliza- 
tion becomes impossible when the mobility 
of capital is perfect. Here, however, it is not 
the rate of neutralization operations per 
unit of time but the absolute size of the 
neutralization operation compatible with 
full equilibrium that becomes infinite and 
this conclusion is established independently 
of the degree of capital mobility.' 

The ability of countries to increase their 
money stock and to neutralize the resulting 
payments deficit does depend of course on 
the size of their stock of international re- 
serves, and, under the gold standard, that 
stock is limited. Furthermore, both coun- 
tries can play the neutralization game. If 
they do, monetary equilibrium in the world 
economy cannot obtain, except perchance. 
The return to equilibrium that would be 
brought about by the effect of redistribu- 
tion of reserves on national money supplies 
after any monetary disturbance is resisted 
by both countries. Neither country is will- 
ing to accept the burden of international 
adjustment, payments imbalances become 
self-perpetuating, and the world economy 
enters what Robert Mundell has called “the 
international disequilibrium system.” 


II. A More General Model of World 
Money Stock Determination 


The gold standard model set out above is 
a very special case of the more general one 
presented in this section. The gold standard 


14 As a matter of fact, dA /dB = 1/8. 

1SNote, however, that the time required for the 
equilibrium distribution of the wcrid money stock to 
assert itself does depend on the degree of capital 
mobility. 
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model was analyzed in some detail since its 
very simplicity reveals clearly some of the 
features of world money stock analysis that 
underlie results derived from the more gen- 
eral model but whose essential movitation 
is hidden by the latter’s greater complexity. 
A detailed description of the algebraic rela- 
tionships that define the more general 
model is relegated to the Appendix as its 
structure can be grasped intuitively from a 
study of the balance sheet pattern it as- 
sumes and from a few words of explana- 
tion. 


United States 











Fed Commercial Banks 
Assets Liabilities Assets Liabilities 
A R R M’ 
aG D* L I DË 
DEB 
Europe 


European Central Bank Commercial Banks 


Assets Liabilities Assets Liabilities 
Á * R* R* M'* 
(1 - a)G Li ED* 
D* DEB ED 
D$ CED 
CED 


This model differs from the gold standard 
one principally by recognizing that Eu- 
rope’s central bank can hold a variety of 
dollar assets as foreign-exchange reserves in 
addition to gold and by allowing for the 
existence of the Euro-dollar market. As six 
new types of asset holdings are introduced, 
six new behavior relationships (or equilib- 
rium conditions) must be added to the pre- 
ceding ones in order to obtain a deter- 
minate equilibrium value of the world 
money stock and of its distribution. 

The European central bank can hold its 
foreign-exchange reserves in four forms: 
gold, (1 — a@)G, as before; dollar deposits 
with the Fed, D*; dollar deposits with U.S. 
commercial banks, Dž; dollar deposits in 
the Euro-dollar market, that is, with Eu- 
ropean commercial banks, CED. It is as- 
sumed that the European central bank 
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first decides which proportion of its total 


. foreign-exchange reserves to keep in gold; 


that proportion is denoted by ¥, (1 — WV) 
denoting the proportion kept in dollars. Of 
the latter a proportion y is kept in the 
Euro-dollar market. The remaining (1 — y) 
of dollar reserves is split between a propor- 
tion à held with U.S. commercial banks and 
a proportion (1 — A) held with the Fed. 
European commercial banks receive Eu- 
ropean currency deposits from European 
residents, as before. These are denoted by 
M'*. In addition, they receive dollar deposits 
(Euro-dollar deposits) from three sources: 
ED from U.S. residents; ED* from the Eu- 
ropean public; and CED from Europe’s 
central bank. European commercial banks 
keep European currency reserves of R* with 
their central bank, as a given proportion r* 
of their European currency deposits M’*. 
They keep dollar reserves of DEB with U.S. 
commercial banks, as a given proportion r, 
of their total (Euro-) dollar liabilities. (For 
a discussion of r4, see Section IV, below.) 
American commercial banks, in addition 
to dollar deposits by residents M’, receive 


` dollar deposits from Europe’s central bank 


J 


and from its commercial banks. They keep 
reserves in a proportion r to their total de- 
posits. The Fed incurs liabilities to both 
U.S. commercial banks and to the Eu- 
ropean central bank. 

Finally, the public desires to keep a given 
proportionate relationship between its 
Euro-dollar and other deposits. American 
residents keep the ratio of their Euro- 
dollars (ED) to their total deposits (M' + 
ED) equal to p. Similarly, European resi- 
dents keep a proportion Q of their total 
deposits (M’* + £D*) in the form of Euro- 
dollar deposits (ED*). The Euro-dollar de- 
posits held by the nonbank residents of 
each country are counted as being part of 
the world money stock in the hands of the 
residents of that country. Thus, the money 
stock in the hands of the U.S. public is re- 
defined as M = M' + ED, that in the hands 
of Europe’s public as M* = M’* + ED*, 
and the world money stock as M, = M + 
M*.Itis assumed that the demand for M is 
proportionate to the level of economic ac- 
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tivity in the United States, the demand for 
M* to that in Europe, and hence, that M 
and M* must stand in a relationship 6 to 
ensure payments equilibrium, as indicated 
below:'® 


(9) M = 6M, = B(M + M*) = 
B(M' + ED + M'* + ED*) 


Keeping these assumptions in mind, it is 
possible to derive a reduced-form expression 
for the world money stock. The result for 
the general case where money multipliers 
are allowed to differ as between banking 
systems is quite complicated and is rele- 
gated to the Appendix. The already rather 
formidable result for the special case that 
abstracts from asymmetries due to dif- 
ferences in reserve ratios kept by com- 
mercial banks (i.e., set r = r* = rz = 1/m) is 
given below: 


(10) M, = m[4+G4+ A*{1-(1- Y) 
AA = AA yA + Cry] 
+ [BU = p0 — r) + O- ere 
+0 - o- A- DA - Ad - yA 
+- ey 


An examination of this expression sug- 
gests a number of conclusions that will be 
illustrated with the help of special cases in 
subsequent sections of this essay. 

Most striking is the fact that the basic 
symmetry of the gold standard is lost in the 
more general case. This is evident from the 
fact that in general the effect of a change in 
A is different from that of a change in A*, 
since the latter is postmultiplied by a con- 
stant in expression (10). The symmetry can 
be regained if either ¥ = 1, the gold stan- 
dard case, or both A and y are zero, that is, 


'6Counting all Euro-dollar deposits held by the 
public as part of the world money supply is clearly 
inappropriate for some purposes. Moreover, the de- 
terminants of the “transactions” demand for Euro- 
dollars and for other deposits may, in fact, be quite 
different, in contradiction to what is assumed in our 
model. For instance, the demand for Euro-dollar 
deposits by European residents may be a function of 
the volume of trade or of U.S. economic activity and 
similar considerations may apply to the demand for 
Euro-dollar deposits by the U.S. nonbank public. 
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if Europe’s central bank holds reserves 
neither with the U.S. nor with the European 
commercial banking system. This, as will 
become clear subsequently, gives us a clue 
to the basic reason for asymmetries in the 
system, namely, that what is low-powered 
money in one part of the system (for in- 
stance, deposits with commercial banks) 
serves as high-powered money in another 
part of the system (as part of the sources of 
the foreign-exchange component of the 
European monetary base). 

Second, whatever their differential impact 
on the effects of open-market operations ac- 
cording to national origin, various patterns 
of asset preferences will impinge on the size 
of the multiplier effects of an open-market 
operation of given national origin. Dif- 
ferentiating, for instance, dM,,/dA with re- 
spect to various behavior parameters, one 
can trace out some of the effects of a change 
in the structure of asset preferences. An in- 
crease in Euro-dollar deposits reinforces the 
effect of U.S. open-market policy whether it 
originates in a switch by U.S. residents from 
dollars to Euro-dollars, in a switch by the 
European public, or in an increase in the 
European central bank’s deposits. A switch 
by Europe’s central bank from deposits with 
the Fed to deposits with U.S. commercial 
banks has similar effects as has a decrease in 
its gold holdings. 


Il]. The Dollar Standard 


To understand the origin of the asym- 
metries noted above, consider a pure dollar 
standard. That is, assume that the European 
central bank holds no gold and that there 
is no Euro-dollar market. This implies that 
W=r,=p =Q = y = 0. Also assume for 
simplicity, as will be done in the remainder 
of the text, that all reserve ratios of com- 
mercial banks are equal. Under these sim- 
plifying assumptions, equation (10) be- 
comes: 


A+ A*U -AC = r)) 
g+- AU- Al- r) 


It is immediately apparent that A, the pro- 
portion of dollar reserves held with the U.S. 


G1) M, =m- 
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commercial banking system, has an impor- 
tant role to play. The higher A the larger the 
world money supply multiplier applicable 
to an increase in A. With A = 0, formula 
(11) becomes: 


an a 
B+ (1 - B) 
This is exactly the same formula as the gold 
standard one when r is set equal to r* and 
the gold stock is neglected. In other words, 
a dollar standard where the European cen- 
tral bank holds its reserves with the Fed 
operates, at least in some respects, exactly 
like the gold standard. The reason is simply 
that an open-market operation that leads to 
inflows or outflows of foreign-exchange re- 
serves has the same impact on the reserves 
available to commercial banks in the two 
systems: an outflow of gold from the United 
States lowers the reserves of American com- 
mercial banks by lowering the sources of 
the money base; an outflow of dollars re- 
duces U.S. commercial bank reserves by the 
increase in the European central bank’s re- 
serves (dD*), given A. 

With A = 1, that is, when Europe’s cen- 
tral bank holds all its reserves with U.S. 
commercial banks, formula (11) becomes: 


(12) M, = m- = m(A + A*) 


(13) M. = mA + A*_ 
"6+ ri - B) 


An important asymmetry is introduced 
since an open-market operation in the 
United States changés the world money 
stock by m times more than an equal-size 
open-market operation in Europe. More- 
over, the absolute size of dM,,/dA is in- 
creased and that of dM,,/dA* is decreased 
in comparison with the case where A = 0. 
These asymmetries are explained by the fact 
that reserve holdings by the European cen- 
tral bank, D¥, are a source of the high- 
powered base of the European money sup- 
ply while they compete with lower-powered 
money in the liabilities of the U.S. com- 
mercial banking system. The reserve out- 
flow created by expansionary monetary 
policy in the United States diminishes the 
U.S. money stock by less than it increases 
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TABLE 2 

A=0 A=1 

dM, m? 

m Se 
dA mB + (i — B) 
dM,, m 

hi Soe 
dA* mB + (1 —- B) 

2 
a ab m8 
dA mB + (i — 8) 
dM mB MB 
dA* m6 + (1 — 8) 
2 

dM* m(1 ~ 8) m“(1 — B) 
dA mB + (1 — B) 
dM* mU- B) m(1 — 8) 
dA* mB + (1 -— B) 
dIR* 0-8) m(1 - 8) 
dA mB + (1 - B) 
dIR* -6 =mB 
dA* mB + (1 - 8) 


the European one, the redistribution of 
foreign-exchange reserves thus increasing 
the world money stock by (m — 1) times the 
reserve flow. 

The importance of the pattern of reserve 
holdings by Europe’s central bank is il- 
lustrated in Table 2, which gives the effect 
of changes in A and A* on various variables 
under the two extreme cases where A = 0 
and A = 1. The A = 0 column of this table 
contains the same elements as the second 
column of Table 1. This confirms the iden- 
tity of this version of the dollar standard 
with the gold standard. The’second column 
of Table 2 is equal to the first column 
multiplied by m/(m + (1 — 6)) > 1 for the 
derivatives with respect to A, and by 1/ 
(mB + (1 — B)) < 1 for the derivatives 
with respect to A*, with the exception of 
dIR* /dA*, this last derivative being multi- 
plied by m/(m8 + (1 — 8)). This confirms 
the conclusions reached above that the 
holding of Europe’s foreign-exchange re- 
serves with U.S. commercial banks makes 
American monetary policy more effective 
(in the somewhat limited terms of “bang 
per buck” to be discussed further at the end 
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of this section) and European monetary 
policy less effective. The counterpart to the 
loss of effectiveness of European open- 
market operations in terms of money supply 
changes is their increased impact on 
Europe’s international reserves. This is a 
factually relevant conclusion as in practice 
European central banks have tended to 
keep few reserves with the Fed and a large 
proportion of their dollar reserves in U.S. 
government securities, a custom that has 
similar effects analytically to keeping them 
with U.S. commercial banks. 

As a matter of fact, the practice of keep- 
ing European foreign-exchange reserves 
with the U.S. commercial banking system 
is equivalent to sterilization of (1 — r) of 
any reserve flow by the Fed. A European 
reserve gain deposited with U.S. com- 
mercial banks diminishes the reserves avail- 
able to those banks for backing of U.S. resi- 
dent held dollar balances by rD¥ given A; 
had the reserves been deposited with the 
Fed, the fall in U.S. commercial bank re- 
serves would have been equal to the Euro- 
pean gain of foreign-exchange reserves." In - 
other words, the effect on the world money 
supply of a European reserve gain of one 
dollar deposited with U.S. commercial 
banks is the same as that of a one dollar re- 
serve gain deposited with the Fed, (1 — r) of 
which is neutralized. When Europe’s cen- 
tral bank holds its reserves in U.S. Treasury 
Bills, a European payments surplus exerts 
no contractionary effect on the U.S. money 
supply. The money initially lost by the 
United States is put back into circulation 
when Europe buys U.S. Treasury Bills. 
Europe, in effect, performs open-market 
operations in the United States and neu- 
tralizes, as it were, on the Fed’s behalf.!® 


IIt is easily shown that when the Fed neutralizes 
the D*but not the D¥ component of reserve flows, the 
world money supply formula becomes 


B + \rA* 
B =+ (1 — BJr 

i8 This result holds, strictly, only in the case of per- 
fect capital mobility (perfect substitutability of U.S. 


and European bonds). Consider an open-market pur- 
chase of European bonds by the European central 


M,=m- 
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One may question the relevance of a dis- 
cussion of the effectiveness of monetary 
policy in terms of the partial derivative of 
the world money stock with respect to 
open-market operations on the grounds (a) 
that monetary authorities are interested in 
the national and not the world money stock, 
and (b) that reduced effectiveness can be 
compensated by a higher dose of open- 
market operations. In the model, however, 
any change in effectiveness with respect to 
M,, immediately translates into a similar 
change with respect to M and M* given 8. 
Second, though bang per buck of open- 
market operation may not be a matter of 
great concern in the closed economy, it is a 
relevant concern for the policymaker in a 
fixed exchange rate open economy with a 
finite stock of international reserves (or of 
domestic assets). For, other things equal, 
the less “effective” an open-market opera- 
tion in terms of domestic and world money 
stocks, the greater will be the loss of inter- 
national reserves associated with expan- 
sionary purchases of bonds. 

The final and related point to be made in 
this section concerns one additional dif- 
ference between the gold and dollar stan- 
dards: whereas the given world stock of 
gold puts a limit on the extent of U.S. 
monetary expansion compatible with main- 
tenance of the system, no such limit exists, 
in theory, in the case of the dollar standard. 


IV. The Euro-Dollar Market 


In the preceding section, no allowance 
was made for the existence of the Euro- 
dollar market. The latter impinges on the 


bank. That bank will have to seli dollar bonds to ac- 
quire back its own currency now in excess supply on 
the foreign-exchange market. Ir the end, the total 
amount of bonds outstanding will be the same, the 
authorities having swapped U.S. bonds against Eu- 
ropean bonds with the public. If the two types of 
bonds are not perfect substitutes, however, portfolio 
equilibrium in terms of stocks would imply a fall in 
the interest rate on European securities and a rise in 
the rate on dollar assets. As a result, 8 would tend 
to fall and the world and European money supply to 
rise. 
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general model’s results in four ways: Euro- 
pean residents want to hold a proportion Q 
of their money balances as dollar deposits 
with European commercial banks; U.S. 
residents, likewise, want to keep a propor- 
tion p of their money holdings with Euro- 
pean commercial banks; the European cen- 
tral bank keeps y of its dollar reserves in 
the Euro-dollar market; and European 
commercial banks keep dollar reserves with 
U.S. commercial banks as a fraction r, of 
their total dollar deposits. 

This last assumption is admittedly ad hoc, 
but so is any assumption of fixed reserve 
ratios even when minimum ratios are set by 
law. The assumption can be justified in 
broad terms on both theoretical and factual 
grounds. In the first place, European banks 
do keep demand and time deposits in New 
York and their volume has been increasing 
together with the volume of Euro-dollar 
business though it is impossible to apportion 
the increase in deposits into reserves against 
Euro-dollar deposits, regular working 
balances, etc. Second, some observers and 
participants in the Euro-dollar market have 
argued that maturities of assets and liabili- 
ties were closely matched, currency by cur- 
rency, in the Euro-currency market and that 
little, if any, of the assets would be held in 
lower-yielding instruments in New York. 
Though this may be true of interbank de- 
posits within Europe it will not hold for 
liabilities to and assets on nonbank institu- 
tions or the United States, the only net 
positions appearing in the consolidated 
balance sheets of this paper, intra-Euro- 
pean interbank deposits having been netted 
out in the balance sheet consolidation 
process. Holding of reserves in New York 
against liabilities to nonbanks seems a 
sensible and prudent practice. Finally, and 
this is a related point, traditional banking 
analysis suggests that an individual bank 
will choose to hold a positive level of re- 
serves even in an unregulated system. 
Voluntary reserve holdings are a simple 
consequence of maximization of expected 
returns in the face of rising costs of il- 
liquidity and a stochastic supply of deposits 
to the bank; the holding of excess reserves is 
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indirect evidence for this thesis. As Euro- 
dollar deposits and withdrawals are typically 
settled by the transfer of claims on New 
York banks, the latter constitute the natural 
reserve instrument for Euro-banks. Though 
in fact r4 may be less stable than other re- 
serve ratios, it will be assumed to be given 
here; consequences of its variation can, 
however, be easily traced in the model. 

To analyze the impact of the Euro-dollar 
market on the world money supply process, 
it will be convenient to examine three special 
cases. The Euro-dollar market is grafted in 
turn on a gold standard, a dollar standard 
with A = 0, and a dollar standard with 
à = 1. We assume for simplicity that r} = 
r= r* 19 

Grafting the Euro-dollar market onto the 
gold standard implies setting ¥ = 1 (the 
European central bank keeps only gold re- 
serves) in formula (10) above to yield: 


(14) M, = m[A + G+ A*] + IBU -p 
G- ) +0- Al - 2d — r) 


Expression (14) indicates that the system 
is still symmetrical with respect to equal 
changes in the various components of the 
base (A, A*, and G). The reason is that re- 
serve flows set in motion increases in the 
supply of money in the hands of residents of 
the surplus country that are exactly offset 
by decreases in the deficit country. The 
world money supply multiplier, however, is 
larger than what it would be without a 
Euro-dollar market. The reason is simply 
that European commercial banks keep re- 
serves against their Euro-dollar deposits 
with U.S. commercial banks and not with 
a central bank. Again, what is high-powered 
money in Europe (DEB) is low-powered 
money from the point of view of the U.S. 
banking system. 

Consider now the second special case 
mentioned above by setting ¥ = O and 


9 The assumption that ry is equal to the other two 
reserve ratios is purely a matter of convenience. If it 
is, as is perhaps likely, lower than either z or r*, the 
analysis can be carried out without important qualita- 
tive changes with the help of the general reduced form 
for the world money stock given in the Appendix. 


SWOBODA: WORLD MONEY 637 


A = 0. The resulting reduced-form equa- 
tion for M, is 


(15) M, = m-[A + A*{1 - (1 - Py} 
+ [80 — p0 =r) + (i - 8) 
Pea- OU- A- ryh 


Central bank holdings of dollars in the 
Euro-dollar market, in a proportion y to 
their dollar holdings with the Fed, intro- 
duce a new dimension into the system. 
Asymmetries arise and dM,,/dA increases 
while the derivative of M,, with respect to 
A* decreases. The explanation again arises 
from the fact that a loss of foreign-exchange 
reserves by the United States creates a 
smaller decrease in commercial bank re- 
serves there than an equal gain of foreign- 
exchange reserves expands commercial bank 
reserves in Europe. As the European cen- 
tral bank’s foreign-exchange reserves ex- 
pand, part of the gain is deposited in Euro- 
pean commercial banks, which in turn 
redeposit a fraction r, of this increase in 
their dollar liabilities (CED) with U.S. com- 
mercial banks. 

A further multiplicative element is added 
when the European central bank keeps a 
fraction À of its foreign exchange reserves 
with U.S. commercial banks. For the case 
where A = 1, the reduced-form equation for 
M,, becomes: 


(16) M, = m-[A + A*f{i — [(l — 7 

vy) + (1 — yl} + [BU - p 
(1 - A] + (1 — B)f{rQ + (1 — Q) 

[dl - Ad = y) + = Py] 


Positive official dollar holdings with U.S. 
commercial banks D¥ adds a multiplier ef- 
fect that is similar to that described for the 
special case A = 1 in the section discussing 
the dollar standard.” 

In conclusion, a switch from traditional 
national currency holdings to Euro-dollar 
deposits, be it by the European public, the 
U.S. public, or the European central bank, 
tends to expand the world money supply, 


= 
l 


a 
= 
| 


20When the Fed neutralizes all reserve flows, the 
world money supply becomes M,, = mB/B(\ — p). 
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TABLE 3 

dM,, dM,, dIR* dIR* 

dA dA* dA dA* 
Pure gold or dollar standard 
lAjp=Q=y7=0 4(8) 4(0) (1) ~ S{-1) 
Pure dollar standard 
2.A=.5,% =Q=p=y=0 4.9(7.1) 3.1(.89) .62(.89) ~ .62(—.89) 
3. except A = .8 5.7(6.7) 2.3(1.3) .71(.83) — .71(—.83) 
4. except à = I 6.4(6.4) 1.6(1.6) .8(.8) — 8(—.8) 
Euro-dollars and gold standard 
5. W¥=l,y=0 4.8 4.8 .45 — 55 
Euro-dollars and dollar standard 
6.A +0, =0 5.3 4.3 AD — .60 
7. except À = 1 7.5 1.6 .70 —.85 
General case 
8. See note (a) 5.9(10) 3.5(0) -55(.94) — .67(-1) 











Notes: (a) Unless otherwise indicated assumed values of behavior parameters are as follows: 8 = .5,r = .25, ¥ = 


4,4 = 8,2 = 25,y = .2,p = .2. 


(b) Numbers in parentheses indicate results for the case of neutralization. In rows 1 and 8 all reserve flows are 
neutralized, in rows 2, 3, and 4, only European dollar reserves held at the Fed are neutralized. The derivatives in 
the neutralization case are to be interpreted as being taken with respect to B. 


©) dIR* (1 = @\(1 ~ 8) aM, dIR* 
=r(l— - 
c dA ’ 











dA* 


other things equal, and creates or reinforces 
asymmetries that increase the effectiveness 
of U.S. monetary policy and decrease that 
of European monetary policy. Note, 


21The hedging statement “tends”? in the text has 
been inserted to take into account an ambiguity in 
some of the partial derivatives of expression (10) with 
respect to a number of parameters, However, imposing 
the restriction that European reserves be positive (i.e., 
that A > 8/(1 — 6)A*), enables one to establish that 
oM,,/d¥,aM,,/dr,dM,/dy < 0, and that dM,,/dd > 0. 
In addition, 9M,,/dp > 0. Finally, dM@,,/9Q2 will tend 
to be positive, the smaller y and A. More precisely, 
positivity of M,,/dQ requires that 1 — [(1 — à): 
y + Y) > ry, that is, that the ratio of European 
central bank reserves held with the Fed (or in gold) 
must be greater than that held in Euro-banks times r. 
The intuitive explanation is as follows: Suppose Eu- 
rope only holds Euro-doliars (CED) as international 
reserves. A switch by European residents towards 
Euro-dollar deposits increases European commercial 
banks’ demand for dollar deposits in New York, but 
these can only be made available through a decrease in 
the deposits available to private U.S. holders, that is, 
through a decrease in the U.S. money stock M, if the 
U.S. monetary base is given as iz will be if the switch 
does not result in a reduction of the Fed’s liabilities to 
foreign official holders or in an increase in its gold 
> stock. 


= r(1 ~ 2)(1 — $) 





dM, 
dA* 


finally, that to derive a Euro-dollar multi- 
plier formula would violate the spirit of the 
general method of analysis used in this 
paper, for such a formula must assume ex- 
ogenous flows of dollar reserves to the Euro- 
dollar market. In the present analysis, these 
flows are endogenous, and the effect of au- 
tonomous changes in monetary policy or 
asset preferences on the Euro-dollar market 
can be studied instead. 


V. A Numerical Example 


The relevance of the institutional arrange- 
ments outlined above to the long-run im- 
pact of national monetary policy and to the 
functioning of the international monetary 
system can be highlighted with the help of 
the numerical examples shown in Table 3. 

It is assumed throughout the table that 
the United States and the rest of the fixed 
exchange rate world are of roughly equal 
economic size (i.e., that 8 = .5) and that re- 
serve ratios are the same in the two coun- 
tries and in the Euro-dollar market and 
equal to .25 (i.e. m = 4). Row 1 in Table 3 
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illustrates the simplest gold or pure dollar 
standard where Europe’s central bank holds 
all its reserves with the Fed. A $1 open- 
market operation by either Europe or the 
United States increases the world money 
stock by four times as much and each na- 
tional money stock by half that amount 
(since 8 = .5); a gain in reserves of .5 brings 
about the required increase of 2 in the sur- 
plus country’s money stock, given the na- 
tional money multiplier of 4. The results for 
the case where the United States sterilizes 
all reserve flows under the gold or simplest 
dollar standard case are given in parenthesis 
in row 1. As stated in previous sections, 
neutralization by the United States reduces 
the effectiveness of Europe’s monetary 
policy with respect to its effect on money 
supplies to zero, but makes European open- 
market operations an extremely efficient 
means of controlling its stock of reserves. 
Since 8 = .5, the effectiveness of U.S. mone- 
tary policy is doubled (remembering that 
dM,,/dB = m/®); an increase of $1 in the 
U.S. monetary base means that the U.S. 
money stock has to increase by m dollars in 
equilibrium. This is only possible if Europe’s 
money stock increases by (1 — 8)/8 times 
this amount, or, in our example by $4. This 
will have occurred when Europe has gained 
$1 of reserves and total domestic assets held 
by the Fed have increased by $2. 

Consider now row 8 of Table 3. The re- 
sults there are based on the assumptions 
that 40 percent of Europe’s reserves are 
held in the form of gold (Y = .4); that 20 
percent of the remainder is held in the 
Euro-dollar market (y = .2); that, of Euro- 
pean reserves held in the United States, 80 
percent are deposited with U.S. commercial 
banks and 20 percent with the Fed (A = 
.8); and that the European and American 
public keep 25 and 20 percent, respectively, 
of their total money holdings in the Euro- 
dollar market (Q = .25 and p = .2). These 
are not entirely unrealistic assumptions as 
to the magnitudes involved in the mid- 
1960's, though they perhaps overestimate 
the role of the Euro-dollar market (at least 
in terms of average if not in terms of mar- 
ginal ratios) and underestimate that of the 
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dollar standard and neutralization.” The 
result, as compared with row 1, is an in- 
crease in the “effectiveness” of U.S. mone- 
tary policy from 4 to 5.9 and a decrease in 
that of European monetary policy from 4 to 
3.5. 

To gain some feeling of the respective im- 
portance of the dollar standard, neutraliza- 
tion, and the Euro-dollar market in in- 
fluencing various measures of the impact of 
monetary policy, consider briefly rows 2 
through 7 of Table 3. Comparing rows 1 
and 5, it immediately appears that, even on 
our perhaps exaggerated assumptions about 
the actual importance of the Euro-dollar 
market, the increase in the world money 
supply multiplier entailed by the market, 
though significant, is not huge. Further- 
more, as long as the European central bank 
does not hold reserves in the Euro-dollar 
market, symmetry with respect to the effect 
of open-market operations on the world 
money stock, though not on foreign-ex- 
change reserves, prevails. The asymmetry 
with respect to reserve changes arises from 
the fact that an increase in the world money 
stock brought about by an increase in A or 
A* increases the demand for dollars by 
European residents, and hence absorbs part 
of the initial excess supply of dollars dA, but 
not of European currency dA*. In con- 
trast to the case where y = 0, holdings of 
Euro-dollar deposits by the European cen- 
tral bank (y = .2) introduce asymmetries in 
the impact of monetary policy, raising the 
effectiveness of U.S. policy and lowering 
that of European monetary policy, as in- 
dicated by a comparison of rows 5 and 6, 

Clearly, however, the strongest asym- 
metries arise from the practice of holding 
foreign-exchange reserves with U.S. com- 
mercial banks (compare cases where A takes 
on increasingly higher values) and from 


22The results in Genberg and the author suggest 
that the behavior of the world money stock in the pe- 
riod 1957-71 is not inconsistent with the hypothesis of 
complete neutralization by the United States (and a 
zero Jong-run multiplier for European open-market 
operations). The world money stock in that paper does 
not include Euro-dollar deposits. 
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neutralization by the United States, as pe- 
rusal of Table 3 immediately indicates.” 


VI. Conclusions 


The method of analysis outlined in this 
paper seems appropriate to the investiga- 
tion of a number of issues. It does emphasize 
that, under strictly fixed exchange rates, 
international monetary theory can make 
use of the concepts developed for closed- 
economy monetary theory, adding to it dis- 
tributional considerations effected through 
the payments adjustment mechanism. It 
also shows that the specific institutional 
pattern ruling interbank and intercountry 
relations has an important impact on the 
effectiveness of monetary policy at both a 
global and national level. 

The method of analysis, however, suffers 
from the same shortcomings as does closed- 
economy money multiplier analysis when 
applied to problems with which it is not 
equipped to deal. This suggests a number 
of extensions. First, models of the world 
money supply could be integrated with an 
explicit general equilibrium analysis of the 
determinants of output and interest rate 
. fluctuations. This would be particularly ap- 
propriate for an analysis of the short run 
before all variables have fully adjusted. 
Second, and again in a short-run context, 
the dynamics of the money supply process 
could be analyzed by formulating stock ad- 
justment functions.” 

Finally, empirical investigation of the 


23 Comparing rows 1, 2, 3, and 4, note that asym- 
metries introduced by neutralization diminish as A 
rises. This is due to the fact that holding dollar re- 
serves with U.S. commercial banks is equivalent to 
neutralization on behalf of the United States and, 
hence, the-less the total increase in A needed to sus- 
tain a given increase in B. When à = 1, the required 
neutralization by the United States is zero as indicated 
by the equality of the original results with those in 
parentheses in row 4. 

24It may be worthwhile to note that the money 
supply formulae developed throughout the text incor- 
porate elements of money demand functions since @ 
is in equilibrium equal to the ratio of the first coun- 
try’s demand for money to the sum of the demands for 
money in the world. 
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world money supply process is needed to 
assess the importance of the asymmetries 
and multiplier effects emphasized above as 
well as to gain a better understanding of the 
importance of the institutional changes that 
have occurred in the world’s fixed exchange 
rate system from its gold standard heyday 
to its recent and partial demise. The method 
of analysis proposed in this paper is de- 
signed to provide a tentative framework for 
such an investigation.» 


APPENDIX 


1) Recall the balance sheet structure of 
the general model of Section II: 


United States 





Fed Commercial Banks 
Assets Liabilities Assets Liabilities 
A R R M' 
aG D* Li Dt 


Europe 


Central Bank Commercial Banks 


Assets 


Assets Liabilities Liabilities 
A * R * R * M' * 
(i - a)G L} ED* 
D* DEB ED 
Dz CED 
CED 


2) Definition of behavior parameters: 


U.S. reserve ratio against commercial banks 
domestic currency liabilities: 


L R 

m M' + Dł + DEB 
European reserve ratio against commercial 
banks domestic currency liabilities: 


Jp Slt As tee 


r= 








European commercial banks dollar reserve 
ratio against Euro-dollar liabilities: 


25For a first attempt at econometric modelling 
along the lines suggested in the text, see Genberg and 
the author. 
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1 ____ DEB 
m, ED* + ED + CED 
Proportion of European residents’ money 
holdings held as Euro-dollars: 
Gee eS ED* 
M* M'* + ED* 


ry = 





Proportion of U.S. residents’ money hold- 
ings held as Euro-dollars: 
ie ED _ ED 
M M'+ED 
Equilibrium proportion of world money 
stock held by residents of country 1: 

g-M_M+ED 

M M 


w w 


Proportion of Europe’s foreign-exchange 
reserves held in gold: 
_ (l= a)G 
© R*— A* 


Yy 


Proportion of Europe’s dollar reserves held 
in Euro-dollar market: 


= CED 
D* + Dž + CED 
Proportion of Europe’s reserves in the 


United States held with U.S. commercial 
banks: 


Y 


pa ee 
 D* + Dł 
Proportion of U.S. gold holdings in the 


(given) world gold stock (G), an endogenous 
variable: 


aG 
3) Definition of money stocks: 
1. M = M' + ED 
2. M* = M'* + ED* 
3. M, = M+ M* = M' + M'* 
+ ED + ED* 


4) Derivation of general reduced form for 
the world money stock: 


The behavior parameters and definitions of 
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the money stock are used to derive a world 
money supply formula. The most important 
relations used in the process are given be- 
low: i 


1. G = aG + (1 — &)G 
2. R = r{M' + Dł + DEB} = 


1 


L 
m 
- {M' + Dž + DEB} 

1 1 
3. R* — A* = — (1 — a)G = —— 

gyl- fay 

-{D* + D¥ + CED} 


4. R* = *M'* = 1 ye 
m* 


5. DEB = r,{ED* + ED + CED] = L 
d 


-[ED* + ED + CED] 

ED* = QM* = Q(M'* + ED*) 

. ED = pM = p(M' + ED) 

. M = BM, 

9. M* = (1 — B)M, 

Through a tedious process of substitution 


the following general reduced term for M,, 
is obtained: 


M,=(4+G+A*{1-(1-Wll-+ 
“(1 - yA + ¥C = rra} + 
[Birl — p(l - ra} + ( - B) 
{rr + *0 — Q){1 o- A - W) 
AA- AA- yA + raat) 


oN ON 


26 To illustrate the process of substitution, take the 
derivation of equation (8) in the text, the reduced-form 
expression for M,, relevant to the simple gold standard 
case discussed in Section I. From equation (7) recall 
that: 


M,, = M + M* = mA + m*A* + m*G + (m — m*)aG 


Note also that the gold reserves of the first country can 
be expressed as: 


aG =rM — A = r8M,,- A 


Substitute the second expression into the first and 
simplify to obtain: 


M,, = m*(A + A* + G) + (m — m*yBM,, 


Solve for M,, and divide numerator and denominator 
by m* to obtain expression (8) in the text. 
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Equilibrium in an Imperfect Market: A Constraint 
on the Number of Securities in the Portfolio 


By Haim Levy* 


The pioneering work of Harry Markowitz 
(1952, 1959) and James Tobin in portfolio 
theory has led to the development of a 
theory of the pricing of capital assets under 
uncertainty. This theory, well-known in the 
literature as the capital asset pricing model 
(CAPM), was developed independently by 
William Sharpe, John Lintner (1965a), and 
Jack Treynor. Two basic related properties 
implied by the CAPM are: (a) that all in- 
vestors hold in their portfolio all the risky 
securities available in the market, and (b) 
that investors hold the risky assets in the 
same proportions, as these assets are avail- 
able in the market, independent of the in- 
vestors’ preference,' This latter property of 
the CAPM makes it possible to draw many 
conclusions regarding the equilibrium risk- 
return relationship of risky assets. 

Properties (a) and (b) contradict the mar- 
ket experience as established in all empirical 
research. First, investors differ in their in- 
vestment strategy and do not necessarily ad- 
here to the same risky portfolio. Second, the 
typical investor usually does not hold many 
risky assets in his portfolio. Indeed, in a re- 
cent study, Marshall Blume, Jean Crockett, 
and Irwin Friend found that, in the tax year 
1971, individuals held highly undiversified 
portfolios. The sample, which included 
17,056 individual income tax forms, re- 
vealed that 34.1 percent held only one stock 
paying dividends, 50 percent listed no more 
than two, and only 10.7 percent listed more 
than ten. Though only firms paying cash 
dividends were included in this statistic, it is 


*Hebrew University of Jerusalem. I acknowledge 
the helpful comments of Yoram Landskroner, Yoram 
Kroll and an anonymous referee of this Review. 

\Lintner (1969) extends the CAPM to the case of 
disagreement of investors with regards to expected 
parameters. I assume in this model that investors agree 
with regard to future parameters but the model pre- 
sented in this paper can be easily extended to the case 
of disagreement. 
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obvious that most individuals held a rela- 
tively small number of stocks in their port- 
folio. Another source of data which con- 
firms these findings is the Federal Reserve 
Board’s 1967 survey of the Financial Char- 
acteristics of Consumers. This survey 
covered all households whether or not they 
filed income tax forms. According to this 
survey, the average number of securities in 
the portfolio was 3.41 

The fact that properties (a) and (b) do not 
conform to reality is not a sufficient cause 
for rejecting the theoretical results of the 
CAPM. One could also accept the CAPM 
results on positive grounds. If the theoreti- 
cal model does indeed explain the price be- 
havior of risky assets, one could argue that 
investors behave as if properties (a) and (b) 
were true, in spite of the fact that these 
properties obviously do not prevail in the 
market. Unfortunately, we can not justify 
the theoretical results of the CAPM on 
positive grounds. 

To illustrate the latter difficulty, let us re- 
turn in greater detail to the CAPM. Accord- 
ing to the CAPM, the expected return on 
asset i, E(R;) is related to the expected re- 
turn on the market portfolio E(R,,) as 
follows: 


GQ) F(R) -~r = [E(R,) — 116; 


where v is the risk-free interest rate, 6; is the 
risk index of the ith security (the ‘‘syste- 
matic risk”) and is defined as Cov(R,, R,,)/ ` 
Var(R,,), and R,, is the rate of return on a 
portfolio which consists of all available 
risky assets and is called the “market port- 
folio.” 

Although the CAPM is formulated in 
terms of ex ante parameters, it is common 
to employ ex post data rather than ex ante 
values in empirical studies. Thus, we first 


2For more details of these findings and their analysis, 
see Blume and Friend (1975). 
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run a time-series regression, 
(2) Ri = d; + BiRa + en 


and estimate the systematic risk Ê, of each 
asset i (where R, and Rm are the rates of re- 
turn of the ith asset and the market port- 
folio, respectively, in year t). In the second 
step, in order to examine the validity of the 
CAPM, we run a cross-section regression, 


a) R; -r=%+t 4B; + u; 


where R, is the average return on the ith 
risky asset, 8, is the estimate of the ith asset 
systematic risk, taken from the time-series 
regression, and u; is a residual term. If the 
CA PM is valid one should obtain (see equa- 
tion (1)) in equilibrium, 7) = 0 and 4, = 
R,, — r, where 7, and 7, are the regression 
coefficients estimated by (1’), and R,, is the 
. average observed rate of return on the mar- 
ket portfolio (for example, average rate of 
return on Standard and Poor’s index). 
Unfortunately, in virtually all empirical 
research,’ it emerges that 7, is significantly 
positive and 7, is much below R,, — r. For 
rates of return of individual stocks the cor- 
relation coefficient of (1’) is very low if one 
employs monthly rates of return, and only 
20-25 percent with annual rates of return.’ 
Finally, in virtually all empirical studies, 
formulation (3) increases the correlation co- 
efficient, 


(3) Ri- r = o+ Îi + aS, 


where į stands for the ith security and $2 is 


the residual variance around the time-series 
regression (2), i.e., the variance of the re- 
siduals e,,. In this formulation the estimate 
Y happens to be significantly positive, con- 


3See Fisher Black, Michael Jensen, and Myron 
Scholes; George Douglas; Lintner (1965b); Merton 
Miller and Scholes. 

4] emphasize that the low correlation is obtained 
when equation (1’) is regressed using individual stock. 
In order to minimize the measurement errors, it is 
common to use in (1') portfolios rather than individual 
stocks. This portfolio technique increases the correla- 
tion coefficient dramatically. However, in spite of the 
possible errors, individual stocks should be used since 
the CAPM defines equilibrium prices of individual 
stocks. 
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trary to the expected results from the CAPM 
since, if the CAPM is correct, one should 
find that y, = 0. Moreover, in most cases, 
the contribution of Sa to the coefficient of 
correlation is even more important than the 
contribution of the systematic risk, ĝ;. 

In this paper I try to narrow the gap be- 
tween the theoretical model and the em- 
pirical findings by deriving a new version of 
the CAPM in which investors are assumed 
to hold in their portfolios some given num- 
ber of securities. Obviously, investors’ port- 
folios differ in the proportions of risky as- 
sets and even in the types of risky assets 
that they hold. This, of course, is consistent 
with investors’ behavior as established in 
previous empirical research. I denote the 
modified model as GCA PM (general capital 
asset pricing model), since the CAPM 
emerges as a special case. . 

The derivation of the GCAPM under 
these conditions is given in Section II. In 
the third section I show that the modified 
model explains the discrepancy between the 
theoretical results of the CAPM and the 
empirical findings mentioned above. Some 
empirical results are presented which con- 
firm that the systematic risk 6; plays no role 
in explaining price behavior, once the vari- 
ance is taken into account, (Section IV). 
Concluding remarks are given.in Section V. 


I. Equilibrium in an Imperfect Market: 
The GCAPM 


William Sharpe and Lintner (1965a) have 
shown that, if there is no constraint on the 
number of securities to be included in the 
investors’ portfolio, all investors will hold 
some combination of m, the market port- 
folio of risky assets, and the riskless asset 
bearing interest rate r (see Figure 1). 

Now, suppose that, as a result of transac- 
tion costs, indivisibility of investment, or 
even the cost of keeping track of the new 
financial development of all securities, the 
kth investor decides to invest only in n, 
securities. Under this constraint’ he will 
have some interior efficient set (of risky as- 
sets), say, A'B’, and the investor will divide 
his portfolio between some risky portfolio k 
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and the riskless asset. Obviously, the in- 
vestor’s welfare will decrease if no more 
than n, securities may be included in the 
portfolio, since for a given expected return, 
he will be exposed to higher risk (see 
Figure 1). 

In the specific case in which all investors 
hold the same number of risky assets n, in 
equilibrium, all these interior efficient sets 
will be tangent to the same straight line. To 
illustrate, suppose that n, = 2 for all k and 
that there are n = 3 risky assets available 
in the market. Figure 2 shows this possibility 
using A, B, and C to indicate the three risky 
securities. 

Without any constraints, all investors 
hold portfolio m (i.e., the market portfolio), 
and all efficient portfolios lie on line rmM. 
Now suppose that all investors decide to 
include only two risky assets in their port- 
folio. Investors who hold securities A and B 
are faced with opportunity line rkK. If all 
investors decide to include two risky assets 
in their portfolio, this situation will not 
represent an equilibrium situation, since no 
one will purchase security C (see Figure 2). 
Hence the price of security C will decline, 
and its expected return will increase, until 
we get a new efficient curve between B and 
C (or C and A) which will be tangent to line 
rkK. In this case, however, the market may 
be cleared out. Note that not all two se- 
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curities’ efficient sets need to be tangent to 
the market line rkK. A sufficient condition 
for the market to be cleared out, in this ex- 
ample, is for two out of three efficient sets 
given in Figure 2 (i.e., AB, BC, AC) to be 
tangent to the line rkK. In other words, 
each of the three assets must be included in 
some two-asset portfolio which is tangent to 
the straight line. 

In the more realistic case, which will be 
dealt with below, the Ath investor has the 
constraint of investing in no more than n, 
risky assets when n, varies among investors 


Expected return 


= 








Standard deviation 


FIGURE 3 
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mainly as a function of the size of their 
wealth. In this case there are many interior 
efficient sets (see Figure 3), and the existence 
of many market lines does not contradict 
the possibility that the market may be in 
equilibrium. 

In this case, rm is the opportunity line 
without any constraint or the number of 
securities in the portfolio; r2 is the market 
line with the constraint that no more than 
two securities are included in the portfolio; 
r3 is the line with the constraint of no more 
than three securities in the portfolio, etc. 
Obviously, the same security may be held in 
proportion of 20 percent of one portfolio, 
5 percent of a second portfolio, etc. We de- 
rive below the équilibrium prices of risky 
assets for the general case in which the con- 
straint on n, varies from investor to in- 
vestor. Again, a necessary condition for 
equilibrium in the stock market is that each 
security be included in at least one of the 
chosen unlevered portfolios from the above 
efficient sets. 

Let us turn now to the derivation of the 
risk-return relationship under the constraint 
that not all risky assets are held in the in- 
vestors’ portfolio. We assume that there are 
K investors (or groups of investors), and the 
kth investor wealth is T, dollars. Further- 


more, assume that the Ath investor invests - 


only in n, risky assets while there are in the 
market n > n, risky assets. Thus, the kth 
investor minimizes the portfolio’s variance 
subject to the constraint that the number of 
securities in his portfolio cannot exceed n,. 
More specifically, one has to differentiate 
partially with respect to x, and A, the 
Lagrangian function 


nk ‘ nk 

L=} xk +20 XikXjkOij 

isi i=l 
joi 


nk nk 
+ 2X, |u = 2 Xinhi — ( = 2 xar] 


subject to the constraint that no more than 
n, securities will be included in the optimal 
portfolio, where 


oj = the variance of the ith security re- 
turn (per $1 of investment) 
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o, = the covariance between returns of 
securities i andj 

u = the portfolio expected return 

the proportion invested in the ith 

security by the kth investor 

r = riskless interest rate 

A, = Lagrange multiplier 

for the kth investor 


Ral 
X 
I 


appropriate 


Suppose that the investor selects n, assets 
out of the n available assets to be included 
in his optimal portfolio. Then by differen- 
tiating the Lagrangian function we obtain 
the following ną = 1 equations, which pro- 
vide the optimal diversification strategy 
among the n, risky assets 


nk 
(4) Xo? + 2 Xj = Akl — 7) 
£ 


nk 

Xak03 + 2 X jx O27 = Agla — r) 
je 
j=2 


. . . 


. . . 


nk 
Xan le, + È Xjk Onyj = Nk (Hng aa r) 


j*nkg 
ny nk 
Hk = 2 Xikhi + ( = 2 Xik r) 
i= fan 


Thus, the optimal investment strategy of 
the kth investor is given by the vector xix, 
X2k; +++ s Xag Which solves the above equa- 
tions. We multiply the first equation by xix, 
the second equation by x.,, etc., and then 
sum up the first n, equations to obtain 


nk nk nk 
o? = aÈ Xikk; — 2 xar) = hy de Xikhi 
iz = iz 


nk ' 
+ (1 -È xa)? iF | = A(t — r) 
i=l 
Hence, 


l Hk- Tr 
5) — = 
( aaa 
where u, and oj are the expected return and 
variance of the kth investor’s optimal port- 
folio. Using (4) and (5) the kth investor will 
be in equilibrium if and only if 
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© wy, = r +E cov(R,R,) 
Ok 





where R, and R, are the rates of return on 
the ith security and on the portfolio chosen 
by the kth investor. Equation (6) can be re- 
written as 


(6°) Bp = F + (k ~ r)Êri 


where B, is the systematic risk of the ith 
asset in the kth investor’s optimal portfolio 
R, and is defined as 8; = Cov(R;, R,)/o}. 

It is important to note that the equilibrium 
relationship given in equations (6) and (6’) 
is independent of the borrowing or lending 
policy of the Ath investor. Thus, without 
loss of generality, we can assume that 


and this will not affect the solution of the 


5To be more specific suppose that an investor who 
owns Tg dollars decides to borrow or lend (27k 
Xik— 1) per each dollar that he owns. Then, if, R, is 
the return (per one dollar) on his optimal portfolio 
solely from risky assets, the return on his selected port- 
folio (including the borrowing or lending) denoted by 
RX will be 


nk nk 
Ri = Do xik Rg— È xel r 
t= ta 


and hence 


ñk ak 
u= 2 Xik pk De ik r+r, 
= im 


nk 
and, cov* (R;R,) -|(2 s)| cov (R; Rx) 
Tai 


Rewriting (6) in terms of R we obtain 





of -r 
B= r+ |m cov* (R;Rx) 
Tk 

or 

uk 

2 Xie - tr 6 pny 

iz 
By = r + ———-————--| 0) xj] cov(R;R,) 

ial 


nk 

2-2 
2 su) Ok 
i=l 
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optimal investment. In the rest of the paper 
we assume that u, and of are the parameters 
of the optimal unlevered portfolio chosen by 
the kth investor. This is tantamount to the 
assumption that 


nk 
È Xn = 1 
i=} 


In order to examine the impact on equi- 


‘librium price determination, of not holding 


all assets in the portfolio we need to use 
some algebra. Since Ry = 27k, Xj Rj, equa- 
tion (6) can be rewritten as 


Gy. a g 
Vio o? 
k 
nk 
sae + p2 suau 
jut 


when v; and v stand for the expected mar- 
ket value of firm i at the end of the period, 
and for the equilibrium present value, re- 
spectively. Hence, 


(uk — r) 
(8) vi — Yo + 7) = 3 
Ok 
nk 
: [roari + Vio 2 “nei 
j= 
jai 


Let us denote 


of? = the expected variance of the return 
on one share of the ith firm at the 

end of the investment period 
of = the expected covariance of the re- 
turn of a share of firm i and a share 


of firm j 

N; = the number of outstanding shares 
of firm i 

Pi = the equilibrium price of a share of 
firm i 


P, = the expected price of a share of 
firm i at the end of the period 





and finally 


Meo? 





k;=r+ cov(R;Rx) 


Tk 


where ug and of are the expected return and variance 
of the optimal portfolio of the kth investor when he 
neither borrows nor lends money. 
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Thus, 
oF? = 


2 p2 
o} Pin, 


and equation (8) can be rewritten in terms 
of market price per share, 


* 
OF = oij Pio Pin 


(9) N,Py — N,Po(l + r) = 4e=2 
Ok 
ök 
. Pore + N; Pio > rae 
j=l 
j*i 


Dividing by N; yields 


(10) Py = Pal + 7) = ED 


Nk 
-| Pioxno? + Pio X sxe 
is 
Now recall that the proportions invested by 
the Ath investor x, and x,, in the ith and jth 
assets, respectively, have been given by 
Xin = NiyPio/T,, and xj, = NaP 
where N and N, stand for the number of 
shares of firm i and j in the kth investor’s 
portfolio, and T, is the total amount of 
dollars invested by him in risky assets. Thus, 
the substitution of x,, and x, in equation 
(10) yields, 


GI Pa- Pall + r) = 2 
Tog 


nk 
i Pinari +È NaPioPjotj 
ial 
By substituting for ož and oj (variance and 
covariances in terms of one share rather 
than one dollar), and multiplying and divid- 
ing by T}, we obtain, 


(12) Ti (My = r) 


Tioi 


‘ae PFN o% 
Jai 


Equation (12) should apply to the kth in- 
vestor, but only for securities which are in- 
cluded in his portfolio. 

Now, in order to have price equilibrium 
in terms of the aggregate demand for the 
ith stock we use the same technique as em- 


Pa — Pol +7) = 


j0/ Tks 
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ployed by Lintner (1965a) with only one 
distinction: Lintner was allowed to sum up 
his equations for all investors. In our model, 
we are allowed to sum them up only for 
investors k who hold the security under 
consideration in their portfolios, since 
equation (4) (from which we derive equa- 
tion (12)) includes the ith security only for 
investors k who hold it. After multiplying 
equation (12) by 7207 and summing up only 
for investors k who hold security i, we obtain 


(13) [Pa - Pol + NE Tio; = 


nk 
E Tiler -— N\Nyok? + 2 Neo% 
. izi 
The equilibrium price of share i, Pj, is 
given by : 


(14) (1 + AP = Py - È (ron - >) 
mer R > vari |+ E Tio} 
jmi 


In order to derive a more comparable form 
for the equilibrium price as implied by the 
CAPM we multiply and divide by [2, lii 
(u — r)] to obtain 


È Ton- | 


15 l Po = Py - 
05) (1 + r)Po il È Tio? 


nk 
F (Tu= 0 aa +% Nail) 
dear 
A jei 


[X Tetu - 9] 


where P, is the equilibrium price of stock 7 
as suggested by this model. The price of risk 
is given by [È T,(u, — r)]/Z Tło and is 
relevant only for investors who hold se- 
curity i. Obviously, investors who do not 
hold security i are faced by a different price 
of risk. Moreover, the same investor may 
face two (or more) different prices of risk, 
one appropriate for security i and one for 
security j. This may occur since the group 
of investors who hold security i is not nec- 
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essarily identical to the group of investors 
who hold security j. Thus, the term 2 T,- 
(u, — r)/% Tio? (price of risk) is a function 
of the security under consideration, and is 
relevant only to investors who decide to 
hold this security in their portfolio. 

The equilibrium formula given by equa- 
tion (15) has very important implications 


for the empirical findings of the CAPM. . 


To demonstrate, assume that all investors 
who hold security i hold also security j 
(namely, only two risky assets) and these 
investors purchase all the available secu- 
rities of these two firms. For simplicity only, 
and without loss of generality, assume that 
Kk — r is a constant (say = A) and that 
T,/2 7, = a for all these investors. Thus 
(15) reduces to 


È Tilu- r) 
k 


15’ L+rnyPi = Pa- 
a5) ( )Pio S Tis 
k 


[> T, Nož? + 3 T Nyo] 
È T: 
k 


On the basis of the above simplifying as- 
sumptions, we obtain from (15’) 


(1 + r)Pio = Pi 
E Tilt, = Na E (Naot? + E Nuh] 
2 Tio? 





or 
(15) (Ll + Po = Pi 
x T(x — Na[No#? + Nož 
E Tio? 


since 2,N,, = Ni, 2,Nj, = N;, where N, and 
N, are the number of outstanding shares of 
i and j, respectively. 

It can readily be seen from (15”) that the 
equilibrium price P,, is a function of the ith 
security variance and of only one covar- 
iance, that is, its covariance with security j. 
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Obviously, in such a case, we would expect 
that the ith security variance will play a 
central role in its equilibrium price deter- 
mination, quite contrary to the result of the 
traditional CAPM. On the other hand, the 
traditional 8; (see equation (1)) has little to 
to with the determination Pj), since 8; in- 
cludes all the covariances (see equation (7)) 
while in the above example we have only 
one covariance. Note that few assumptions 
have been made in order to simplify the 
analysis. However, even when investors 
hold stocks of three or four companies, we 
still obtain the same result; the ith security 
variance is much more important in price 
determination than one would expect from 
the analysis of traditional CAPM. Empiri- 
cal support to this theoretical result is given 
in Section IV. 

For the specific case in which all investors 
hold security i, we sum up equation (12) for 
all investors k. Hence 2,7,(u, — r) is the 
total aggregate excess dollar return of all 
investors’ portfolios, which is equal to 
To(tn — r), where um is the expected re- 
turn on the market portisio and T, = 
>,7,. However, 2, T202 is not necessarily 
equal to Tien, and hence one does not 
have, even in the above specific case, the 
interpretation of the aggregate risk in the 
market as obtained when a perfect market 
is assumed. However, equation (15) can be 
written as 


(1 + “Pip = Pi 


p T(x — r)| Eee 
Toh 2 Tio} 


nk 
E Tin- 7) [nr +% Naot] 
ini 








È Tilus = 1) 


If all investors hold security i, then 2,7, - 
(uk — r) = To(u,, — r) and the second term 
on the right-hand side is the market price 
of risk y, when the CAPM is derived with- 
out constraint on the number of securities 
in the portfolio (see Lintner 1965a, p. 600). 
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Hence, 


: T2o2, 
16) (1+ Pp = Py — y| 22% 
(16) (1+ Po = P, ee 


È Tu, — r)| Ngat? + > Nao% 
T fi Ti 


j=l 
E Tbe — 7) 
or 


(17) (Ll + r)Po = Pa 


nk 
È Tue D| Nest + E Neog 
T fg eg 


jæi 


= Vi 
3 Tlu — r) 
where Y= Tho 
x Tio; 


Equation (17) is very similar to the classic 
relationship of the CAPM (see equation 
(20’)). The only two differences are: (a) now 
the securities’ risk is given as the weighted 
average of the risks of each investor when 
the weights are 7,(u, — F), so that, the 
larger the investor’s wealth (T,), the greater 
his impact on price determination, and (b) 
the market price of risk y, is defined some- 
what differently from the well-known y, as 
defined by Lintner (1965a). Thus, the classic 
CAPM may be the approximate equilib- 
rium model for stocks of firms which are 
held by many investors (for example, 
AT&T), but not for small firms whose 
stocks are held by a relatively small group 
of investors. 

If we relax the constraint that the kth in- 
vestor holds only n, securities, then each 
investor holds the market portfolio and 
hence’ u, ~ r = Hm — r, and oł = of, where 
Hm and o2, are the expected rate of return 
and variance of the market portfolio, re- 
spectively. 


SRecall that without loss of generality we deal only 
with the optimal unlevered portfolio. The basic equi- 
librium equation (equation (6)) and hence all the other 
results derived from it are unchanged no matter if we 
deal with the levered or the unlevered portfolio. See 
fn. 5. 
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On the basis of these assumptions we ob- 
tain the classic CAPM formula as a special 
case of the GCA PM suggested in this paper. 
In this case, equation (16) reduces to 

2 


(18) (1 + r)Pio = Pa- FR 
k 


nk 

p> T; [r + 2 Nari 
£ 
jæi 





D T, 
k 


But since the relaxation of the imperfec- 
tion induces all investors to have the same 
investment strategy in risky assets, (see 
Sharpe and Lintner, 1965a) all of them hold 
all the risky assets n, = n and, also N/N; = 
T,/T, and hence N; = N;T,/T) and Ny = 
N,T,/T). By substituting the last reults in 
equation (18) we derive 











T 22 T, 
(19) (1 F r)Pio = Pi — Y k 
ETi ÈT 
k k 
[7 *2 SIN 4 
TE Ae 
or 
(20 yo 
) (1 + r)pio = Pa- 
T, » Ti 


oT} [vor + 2 Neal 


ji 
2 Tr 
k 


Since 2,7, = Ty, equation (20) reduces to 
the well-known equilibrium equation of the 
traditional CAPM (see Lintner 1965a, 
p. 600), 


(20') (1 + r)Po = Pa 
- | Mer? r3 Na 
jai 
jJ#t 


Finally, I would like to emphasize the 
basic difference between equations (15) and 
(17). Equation (15), which I advocate, rep- 
resents the most general form, and hence 
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only øy of securities included in the kth in- 
vestors’ portfolios, are taken into account. 
However, if we assume unrealistically that 
security i is included in all investors’ port- 
folios (equation (17)) then for an equilib- 
rium price determination we must take into 
account the covariances o; of all securities 
available in the market since we sum up in 
equation (17) for all k. 


II. The Implication for the Empirical Findings 


Recent empirical evidence indicates that 
the traditional CA PM does not explain the 
>mpirical data as well as might be expected. 
Douglas, using annual and quarterly data, 
shows that there is a significant relationship 
setween the mean rate of return of a stock 
and its standard deviation—a fact which 
sontradicts the CAPM. Lintner (1965b) 
‘egresses annual rates of return of 301 
stocks over the period 1954-63. He esti- 
nates the systematic risk from time-series 
and then regresses the mean rate of return 
dn the systematic risk and on the estimate 
of the residual variance (see equation (3)). 
His results, too, indicate that the theoretical 
model does not provide a satisfactory de- 
scription of price behavior, Using annual 
data, Merton Miller and Myron Scholes 
confirm the basic results of Lintner and 
suggest possible explanations for the devia- 
‘ion between the model and the empirical 
idence. Black, Jensen, and Scholes using 
nonthly data also show that the model 
Joes not provide a satisfactory description 
of price behavior in the stock market. 

In recent papers David Levhari and I 
have investigated the effect of the assumed 
investment horizon on the estimates of the 
systematic risk as well as on the other re- 
sults implied by the CAPM. We have found 
chat the investment horizon plays a crucial 
role in any econometric research and, par- 
iicularly, in empirical work which tests the 
CAPM. However, in analyzing horizons 
ranging from one to twenty-four months, 
we have also found that the coefficient of 
the residual variance (y, in equation (3)) 
remains significantly positive. In most 
cases, too, the residual variance explains 
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price behavior even better than the esti- 
mates of the systematic risk (i.e., y; in equa- 
tion (3)). I demonstrate below that the fact 
that investors hold portfolios with only a 
few risky assets, rather than the market 
portfolio, provides a possible explanation 
for the three discrepancies between the 
theoretical model and the empirical findings 
obtained by various researchers. 

Suppose that an investor holds a port- 
folio k whose random return is R,, while 
the random return on the market portfolio 
is Ra. The expected return on R, can be 
smaller or greater than the expected return 
of Rm. However, since R, includes only a 
few securities while R,, consists of all se- 
curities available in the market, one would 
expect that the variance of R,, would be 
smaller than the variance of most selected 
portfolios, k. The relationship between R, 
and R,, can be described as follows: 


(21) Rn = Ret Y 


(alternatively, one can define this relation- 
ship in the form Rm = a + bR, + y, see 
Miller and Scholes), where y is an error 
term. Let us now analyze the impact of the 
error in the variables given in (21), on em- 
pirical evidence related to the CAPM. 

In the empirical research, the time-series 
regression is formulated as follows: 


(22) Ra = a; + BR + 


where ĝ; derived from (22) is the estimate of 
the ith security systematic risk. Since the 
investors hold portfolio R, rather than Rm, 
the true relationship is given by 


(23) Ri = ah + BRR + Uy 


where 6% is the kth investor’s true sys- 
tematic risk. We shall see that using (22) 
rather than (23) causes a certain bias in the 
estimate of the systematic risk. The estimate 
of 6; is given by 

à  cov(R;,R,,)  coy(R Ri + Y) 
24 p= = o 
(24) 8; var (Rm) var (R; + Y) 
cov (Ri, R,) + cov (R; Y) 
a; + 03 + 2cov(R,,V) 


ll 


If we divide by oł and assume that the er- 
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rors are distributed independently of the 
true values (R; and R,), then the last term 
in the numerator, as well as the last term 
in the denominator, will tend to zero as the 
sample size increases indefinitely. Thus, 
ĝi = cov ioe + o3/o})o%. But since 
cov (R;, R,)/o% = 6% we finally obtain 


3 Bi 
25 egal eee 
Ga EST 
Hence’ 
(26) Ê: < BA 


for all investors k, and hence 6; < @* where 

* is a weighted average of 6%. (I shall de- 
fine this weighted average later on; see 
equation (35).) 

Let us now investigate the impact of this 
bias in measuring the systematic risk, on the 
cross-section regression which is essential 
to an examination of the validity of oe 
CAPM (see equation (1’)). Since B; 
biased, one can write B as follows, 


(27) Ê: = BF + ġ; 
where ¢, is an error term. Most empirical 
works carry out the cross-section regression 
in the following manner (see equation (1')): 
(28) R,-1r= Yo + 718: + e; 
while the true relationship is given by 
(29) Ri- r= yd + ytor + ef 
where R, is the average rate of return of the 
ith asset, r is the riskless interest rate, and 
8, is the estimate of the systematic risk ob- 
tained from the time-series regression. Thus 
, _ cov(R;,8;) 
TW A 
o°(8;) 
cov(R;, BF + 4;) = 
o*(BF) + 67(0;) + 2cov(BF, 6;) 
cov(R,, BF) + cov (R;,0;) 
o°(BF) + 07(6,) + 2cov(B¥, 0) 


TIn deriving (26) it is assumed that the errors are 
distributed independently of R; and R,. However, it is 
easy to verify that it is sufficient to require that u and 
W are distributed independently and that the regres- 
sion coefficient of Ry on Y; is greater than — 1. 
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Dividing by o7(8*) and assuming that the 
error 8; is uncorrelated with the values R, 
and 6*, we obtain, 


.  cov(R,, B¥)/07(BF) 


1 T+ OPE 
<k 
or 7 = poe pe 
1 + 0°(;)/07(8F) 
and hence® 
(30) fi < yÏ 


This may explain the result of most empiri- 
cal studies where 7, is below the value pre- 
dicted by the CAPM. 

It has also been found in all empirical re- 
search that 7, > 0, while, according to the 
CAPM, Yo should equal zero. This bias may 
be explained as follows: from equation (28) 
the estimate of y) is given by 


Fo =R- Ra 
where Ri is the average of the variables R, — 
r, and Ĝĝ is the average of the estimates of 
the systematic risks 6, of all risky assets. 


However, the true relationship should be 
(from equation a 
$o = R - 9t6* 

since according to the above assumptions 
4, < ĝf and B, < BF, also PÊ < 76%, 
hence we obtain the result $a > 7% = 0. 

Apparently, the most disturbing empiri- 
cal result is that 7, (see equation (3)) is 
significantly greater than zero. The latter re- 
sult, however, can be explained by the 
model presented in this paper. According to 
the CA PM, investors diversify in many se- 
curities, and hence, the residual variance 
$? should have no impact on the risk-return 


equilibrium relationship. The individual 
security’s variance as well should have no 
impact on this relationship since the con- 
tribution of the individual risk is about 
(1/n)o?(R;) when n is the number of securi- 
ties available in the market.? However, if 


8Equation (30) is valid even under less restrictive 
assumptions (see fn. 7). 

9For simplicity’s sake we assume that the investor 
diversify equally his resources among all securities. 
(See Miller and Scholes.) 
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yne assumes that investors hold undiversified 
sortfolios which contain stocks of three or 
four companies (i.e., n; = 3, 4) and that the 
ith security is not included in all portfolios, 
then the variance (and hence the residual 
variance) should have a strong impact on 
the risk-return relationship. Although we 
yave already analyzed the role of the 
variance in price determination (see equa- 
‘ion (15)), we can find a more transparent 
~xample by looking once again at equation 
6). Rewriting (6) we obtain 


. = 
31) m- r = ~*~ Cov (R, Ri) 
Ok 





Assuming, once again, for the sake of 
simplicity only, that the typical investor 
who holds security i will diversify equally 
between three stocks, we obtain 


H-T 


ok 


1 1 1 ] 
- | Cov R,, 3 R; + 3 Rii + 3 Ria) 


4,- r= 


where i,i~ 1, andi + 1 stand for the three 
securities included in the portfolio. Thus 
Me? E 2 


-oR 
i 
o% 


32) -r= 
32) u 3 


-+ : Cov (R; Ri) + ; covir Rin) 


It is obvious from (32) that variance plays 
ı central role in explaining the risk-return 
‘elationship. Moreover, one would expect 
hat the individual variance would have 
zreater impact on price determination than 
the £; (as defined in equation (1)) since £; 
has very little to do with the stock’s risk 
when the portfolios include only a small 
number of different securities. Indeed, 
Douglas found that the coefficient of the 
variance is more important than the coef- 
icient of the 8 in most periods covered in 
1is empirical research. 

To design a precise empirical study to test 
the model suggested in this paper is not an 
easy task since equation (6) includes a fac- 
tor B; which varies from investor to in- 
vestor. One has first to find a solution to the 
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optimization problem with the constraint 
on the number of securities n,, and also to 
know the amount invested by each investor 
in the stock market. To illustrate the diffi- 
culties involved in such an empirical test, 
let us reexamine equation (6’). When we 
multiply equation (6’) by T, and sum up 
only for investors k who hold security i, we 
obtain 


(33) Hid T; = r5 T, + x Tr (en, — YB ui 
or 
(34) m= r+ 2 T (uy ~ Bri! T, 


By defining @* as the weighted average, 
BE = ZT (uy — AB /2 eT (oe -— r) 
and 2,7,(u, — r)/2,T, = Yf we can re- 
write (34) as 


(35) mi = r+ vhe? 


where yf varies from one security to an- 
other. 

Equation (35) can then be used in order 
to test empirically the risk-return relation- 
ship as suggested in this paper. However, I 
would like to mention a few characteristic 
results as well as difficulties in testing this 
equation empirically: (a) Since 8; < B for 
all k, 6; < B¥* is also true, since 8¥*¥ is a 
weighted average of B,,.(b) Yi = 27, (u, — 
r)/2T,, when we sum up only for investors 
k who hold security i. Thus, yf, varies from 
security to security, and any cross-section 
regression will provide an estimate of some 
average of all these y#. (c) In order to test 
the CAPM in the present framework, one 
has to estimate first 6*, that is, to have in- 
formation, not only on the selected port- 
folio by each investor k, but also on the 
relative size of his investment, 7,,/2T,,. (d) 
Finally, it is worth mentioning that if all in- 
vestors hold security i, Yy = È Tlk — r)/ 
ZT, when we sum up for all investors k. 
Hence y,; = Hm — r, since in this case 2,- 
T, = To, and Z Teluk — r) = Tole, — r) 
where um is the expected rate of return on 
the market portfolio. 

Designing such an empirical research is 
beyond the scope of this paper. However, if 
the present form of the CAPM is correct, 
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TABLE 1—SECOND-PaSS REGRESSION WITH MONTHLY DATA 


Ri=7% + 116; + 1252, + vê? R? 
0.00894 0.00196 0.04 
(0.00096) (0.00094) 

t=93 t=2.1 

0.00985 0.18369 0.04 
(0.00057) (0.08956) 

t=173 : t= 2.0 

0.00999 0.21916 0.04 
(0.00053) (0.11129) 

t= 19.0 1=2.0 

0.00914 0.00117 0.10404 0.05 
(0.00099) (9.00136) (0.12865) 

t=9.2 t = 0.86 (¢ = 0.81) 

0.00899 9.00136 0.13736 0.05 
(0.00096) (0.00110) (0.12909) 

1=93 t=1.2 t= 1.1 


then, in spite of the fact that we do not have 
a perfect empirical procedure to test it, we 
expect the variance itself, ¢?, to provide a 
better explanation of price behavior than 
the traditional systematic risk, ĝ;. 


HI. The Empirical Findings 


The monthly rates of return of a sample 
of 101 stocks traded on the New York Stock 
Exchange (NYSE) were calculated for the 
period 1948-68, that is, for each security 
there are 240 observations. Thus, if R,,, 
Rj, ..., Riz were the monthly rates of re- 


turn, on the ith security, one can calculate | 


the bimonthly rates of return, RA, R&,..., 
Rin» by substituting (1 + Ra) G + Ry) = 
1+ RA, (1 + RaO + Ri) = 1 + RF etc., 
where R¥ (i = 1,2,..., 120) are the rates of 
return for an investment horizon of two 
months. Note that, by using a horizon of 
two months, we subdivided the period 
1948-68 to 120 time units rather than to 240 
time units, without changing the length of 
the period covered by the empirical re- 
search: namely, twenty years. Similarly, if 
we had used annual rates of return, we 
would have only 20 observations. As a 
proxy to the market portfolios I used the 
Fisher Arithmetic Index, which assumes an 
equal investment in each of the NYSE 
stocks. 


In this paper we examine the following 
linear regressions, with monthly data, semi- 
annual data and annual data: 


~ 


“pos £8, 82) 
; Ure fÊ 6?) 


R,- r= fÊ) 
R,- r= f(S2) 
R,- r = f(6) 
R 
R 


_ where R, is the average rate of return on the 


ith security, z is the rate of return on riskless 
assets,'° and 8, is the systematic risk esti- 
mated from the time-series regressions; Sa 


is the residual variance (taken also from the 


_ time-series regressions) and 6? stands for 


the estimate of the ith security variance. 
These regressions are run for three dif- 

ferent investment horizons (one, six, and 

twelve months) since it has been shown that 


10The rates of return on Treasury Bills as well as on 
government bonds were taken from various issues of 
the Federal Reserve Bulletin. The sample of shares was 
taken from the return file of the CRSP tape. Note that 
in estimating Beta, and in the cross-section regression 


-we employ the same set of data. This may cause some 


statistical bias, However, I believe that by a division of 
the period to two superiods (one for estimating Beta 
and the other for the cross-section regression) one may 
lose many observations, which is undesirable. More- 
over, the Beta may change from period to period 
which decreases the reliability of this procedure. 


. month, 


z 
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TABLE 2—SECOND-PASS REGRESSION WITH SEMIANNUAL DATA 











Ri=yo + yıÊı + Se, + 1387 R? 
0.0493 0.0219 0.19 
(0.0048) (0.0046) 

t= 10.2 t=47 

0.0583 0.2630 0.21 
(0.0030) 0.0517 

t= 19.4 t=5.1 

0.0603 0.3378 0.17 
(0.0029) (0.0747) 

t = 20.8 1=4.5 

0.0528 0.0099 0.1771 0.23 
(0.0050) (0.0072) (0.0808) 

t= 10.6 t=1.4 t=2.2 

0.0494 0.0151 0.2164 0.24 
(0.0047) (0.0052) (0.0834) 

t = 10.6 t= 2.9 t= 2.6" 


in the cross-section regression, the estimate 
of the systematic risk and the other param- 
eters, (for example, R?) are very sensitive 
to the assumed investment horizon (see 
Levhari and the author). Tables 1, 2, and 3 
summarize the empirical findings for one- 
six-month, and twelve-month 
horizons, respectively. In Table 1, most of 
the regression coefficients are insignificant, 
and the coefficient of correlation is very low 
(less than 5 percent), indicating that the 
assumption of a one-month horizon is a 
very poor assumption.!! 

Moving to Table 2, we still obtain a low 
R’. However, even from this table one can 


see that the simple regression R; — r = 
f(ē?) yields a better (or at least not a worse) 
explanation than the regression R,-re= 


fÊ), which is implied by the CAPM. 
Using the regression R, — r = fÊ: $2) we 
find that the coefficient of Ê; as well as the 
coefficient of 82 are statistically significant. 
The fact that the coefficient of 52 is sig- 
nificant is quite obvious from the above 
analysis. It is particularly obvious from the 
fact that each investor holds only a few 


"One can easily increase the R? by running rates of 
a group of securities R; on the market portfolio. How- 
ever, since the CAPM should hold for individual se- 
curities, I think that a high R? which is achieved by 
grouping neither confirms nor refutes the CAPM. 





securities in his portfolio, since S2. serves as 
a Dron to ĉ?. Indeed the R? between $2 


and G? in this sample is 0.80. The fact that 
the coefficient of 8; is significant can be ex- 
plained by the fact that the estimate of ĝ; is 
also correlated with ¢?. Thus, even though 
8; has little to do with the security risk, the 
regression coefficient of 8; is positive, since 
8; is positively correlated with a main com- 
ponent of the true risk (o?). (Indeed, as we 
shall see below, 6; plays no role in price de- 
termination.) Such seems to be the case for 
the present sample where the relation be- 
tween 8, and a? is"? 


Ê; = 0.68 + 2.78 6? 
(0.06) (0.32) 


t= 114 8.63 R? = 0.43 


When we run the regression R; — r = 
f(8;, 62) we find that the coefficient of 6? is 
positive and significant, while the coefficient 
of B, becomes insignificant. Once again, the 
simple model R; — r = f(&?) can explain 
price behavior almost as well as any other 
suggested model. 


12Miller and Scholes have found that the estimates 
of the systematic risk £; is also correlated with the 
residual variance. They found in their sample R° = 
0.17 while similar regression of the present sample 
yields R? = 0.14. 
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TABLE 3—SECOND-Pass REGRESSIGN WITH ANNUAL DATA 


Ri = 0 + iB 1 + 
0.109 0.037 
(0.009) (0.008) 
t= 12.0 t= 5.1 
0.122 

(0.005) 

t= 22.9 

0.126 

(0.005) 

t= 23.4 

0.117 0.008 
(0.008) (0.009) 
t= 14.2 t=0.9 
0.106 0.024 
(0.008) (0.007) 
t= 13.2 t= 3,3 


Table 3 deals with annual data and con- 
firms the previous results. First, we note 
that our results are very similar to those ob- 
tained by Miller and Scholes (who also used 
annual data) in spite of the fact that a dif- 
ferent sample of data is used. We find the 
R? of the regression R; — r = f(8;) to be 
21 percent in comparison to 19 percent in 
their research; for the regression R; — r = 
f ($2) we obtain 32 percent in comparison 
to their 28 percent; and finally, for the re- 
gression R, — r = f(6,, $2) we find R? to be 
equal to 39 percent in comparison to 34 per- 
cent that they obtain. With annual data, all 
the regression coefficients are positive and 
significant in my research as well as in 
Miller and Scholes’ research. However, in 
Table 3, I present two more regressions 
which do not appear in Miller and Scholes’ 
paper. These two regressions confirm the 
previous results of the semiannual data 
which can be summarized as follows: (a) 
The simple regression R; — r = f(e?) yields 
R? of 38 percent. This is only 1 percent less 
than the more complicated regression R, = 
J(8;, $2) which has been employed in most 
empirical studies that test the validity of the 
CAPM. (b) When we run the regression 
R,- r= fÊ, 6?) rather than R, — r = 
f(6,, $2), we find that the conventional 
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1282, + 1367 R? 
0.21 
0.219 0.38 
(0.029) 
t=7.7 
0.248 0.32 
(0.036) 
1=68 
0.197 0.38 
(0.038) 
t= 5.2 
0.201 0.39 
(0.038) 
t=5.3 


estimate of the systematic risk 8, adds noth- 
ing to the explanation of price behavior. 
The coefficient of the systematic risk is very 
small and statistically insignificant (¢ value = 
0.9). (c) If one had to choose between the 
traditional CA PM (i.e., R; — r = f(6;) and 
the simple model R, — r = {(?), one would 
note that the latter performs much better, 
with R? = 38 percent compared to only 
R? = 21 percent for the previous model. 


IV. Concluding Remarks 


The assumption of the perfect indivisibility 
of an investment and of the absence of 
transaction costs in the stock market, in- 
duces a theoretical result which asserts that 
each investor holds in his portfolio all the 
securities available in the market. It is ob- 
vicus that the above assumption does not 
conform to reality, since many investors 
hold stocks of only one company, and most 
individuals hold stocks of less than four 
companies. Nor can we accept CAPM ona 
positive ground since it performs quite 
poorly in explaining price behavior. 

In this paper, I have relaxed the assump- 
tion of a perfect market, and hence, the kth 
investor holds stocks of n, companies in his 
portfolio where n, can be very small (i.e., 
1,2, etc.). We first derive an equilibrium re- 
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lationship between the return and risk of 
each security. We have found that the well- 
known systematic risk of the traditional 
CAPM, ß;, has little to do with equilibrium 
price determination. On the other hand, 
*, which is a weighted average of the kth 
investor systematic risk 8,,, is the correct 
measure of the ith security risk. Since a? is a 
major component of 6;,, it plays a crucial 
role in the risk measure of each stock, quite 
contrary to the equilibrium results of the 
capital asset pricing model. When we im- 
pose the assumption of a perfect market 
and assume that investors hold all the avail- 
able risky assets, (i.e., n; = n), we obtain the 
well-known form of the CAPM as a special 
case of the GCA PM developed in this paper. 
The suggested model developed here, based 
on the fact that individuals hold relatively 
undiversified portfolios, explains the em- 
pirical results of the cross-section regression 
which have been found in most empirical 
studies. 
The empirical findings support the theg: 
RAS results. The simple regression R; 
= f(6?) performs much better than ‘the 
eke — r = f(@,). The fact that R, 
end 8; are positively correlated is caused 
simply by the fact that 6, and o? are posi- 
tively correlated, and that 6; serves as a 
proxy to the true risk component o?. In the 
regression R,-r= f (Êi, $2), the coefficient 


of ĝ; as well as of $2 is positive and sig- 


nificant. The latter results have been found 
in other studies as well as in this paper. 
However, we claim that the coefficients of 
Ê; and $2 are upward biased since Ê; as well 


_ as 82 are positively correlated with ¢?. In- 


deed, when we ran the regression R; — r = 
FÊ a?) we found that the regression co- 
efficient of ô; was significant whereas the 
coefficient of 8, did not differ significantly 
from zero. This confirms the notion that, in 
an imperfect market, 8; plays no role, or at 
least a negligible role in price determina- 
tion. 

I would like to mention that c? plays a 
central role in the risk-return relationship, 
but it is not the only measure of the ith 
security risk. The variance is only one com- 

_ ponent in this risk, and an empirical test 
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should be designed in order to examine the 
validity of the CAPM in its imperfect form. 
Designing a precise empirical test which ex- 
amines the validity of the CAPM in an im- 
perfect market, is not an easy task, and is 
beyond the scope of this paper. 

Finally, I think that the true risk index of 
the ith security is determined in the market, 
somewhere between the ith variance ¢,, and 
the more sophisticated index 8,, as implied 
by the CAPM. For securities which are 
widely held (i.e. AT&T) we expect that 
Beta will provide a better explanation for 
price behavior”? (see equation (17)), while 
for most securities, which are not held by 
many investors we would expect that the 
variance o? would provide a better explana- 
tion for price behavior. 


13Blume and Friend (1974) who tested the Beta and 
another quality rating index as measures of risk come 
to the conclusion that the Beta index performs rela- 
tively better for stocks with large market values. On 
the assumption that large market values implies also 
that the stocks are held by relatively many investors, 
this finding is consistent with my theoretical argument. 
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On the Almost Total Inadequacy of Keynesian 
Balance-of-Payments Theory 


By EDWARD A. KuSskKa* 


The object of this paper is, unfortunately, 
destructive. It is to argue that almost all of 
the models in the Keynesian balance-of- 
payments literature suffer from internal 
contradictions and deficiencies which make 
them unsuitable for balance-of-payments 
theory. Doubling the Keynesian closed- 
economy equations does not provide an ap- 
propriate description of the international 
economy. More careful attention needs to 
be given to portraying the money markets 
than is usually the case, and assets must be 
included in the various demand functions in 
any acceptable analysis. 

Contributions employing the monetary 
approach to balance-of-payments theory 
are largely free of the criticisms made in this 
paper; see, for example, those by Frank 
Hahn, Murray C. Kemp (1962, 1964, 1970), 
Takashi Negishi, Rudiger Dornbusch 
(1973a,b), Pentti J. K. Kouri and Michael 
G. Porter, Michael Mussa, Jacob A. Frenkel 
and Carlos A. Rodriguez, Richard K. 
Anderson and Akira Takayama, and the 
author (1970, 1972, 1975, 1976, 1977). 

The fact that theorists using a different 
approach have written papers which do not 
fall into the difficulties discussed below does 
not, however, necessarily imply either that 
the profession at large is, or the particular 
theorists involved were, aware of these 
problems in the Keynesian literature. We 
have, for instance, the following quotation 
from a well-known article in the monetarist 
literature by Dornbusch. 


Furthermore, to the extent that the 
monetary approach does suggest that 
monetary changes do have short-run 
effects on real variables, it becomes an 
empirical issue to determine whether 


*Lecturer, London School of Economics. 
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observed behavior is compatible with 
that theory or more readily agrees with 
the “Keynesian” variants of complete 
specialization and money prices that 
are fixed in terms of the producer’s cur- 
rency. 

While both the Keynesian approach 
to devaluation and the monetary for- 
mulation of that problem are theo- 
retically correct and can only be 
questioned with respect to the at- 
tractiveness of the underlying assump- 
tions, this is not true of a large body of 
literature that discusses the effects of a 
devaluation in the framework of the 
standard barter model of trade. [1973a, 
p. 894] 


A second example is a paper by Alexander 
Swoboda and Dornbusch which considers 
the long-run behavior of several Keynesian 
models, each of which is involved in at least 
one of the contradictions and shortcomings 
stated in Propositions 1 through 4 of this 
paper. (Their article is discussed in Sec- 
tion V.) 

In addition there is John F. Kyle’s, The 
Balance of Payments in a Monetary Econ- 
omy, a revision of his doctoral dissertation 
which won the prestigious Irving Fisher 
Award in 1973. Kyle’s chapter 5 discusses 
the monetary approach models without 
serious error. In his earlier chapters, how- 
ever, in which he surveys the Keynesian 
literature, he seems unaware of the criticisms 
levied here; and, indeed, his own attempt to 
provide a reconciliation between the elas- 
ticities and absorption approaches is subject 
to the strictures presented in Propositions 
1, 2, and 3 in Section IV below. 

In fairness, however, it must be noted 
that, although the magnitude of the criti- 
cisms which may be leveled against the 
Keynesian models has not been fully ap- 
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preciated, there does seem to have developed 
a widespread feeling that these models do 
omit essential components of the analysis 
of the balance of payments. And, indeed, 
several writers whose earlier articles are 
criticized in this paper have more recently 
written contributions along these lines. 

To economize on space, I shall through- 
out the body of this paper discuss the 
various models under the assumption of 
fixed exchange rates. The minor alterations 
to the exposition which are necessary when 
the international monetary regime is one of 
flexible rates are left to the reader. 


I. The Closed Economy Hicksian IS-LM Model 


Consider first the IS-LM model. We may 
write it as 


(1) Y=C+I 
(2) C = C(Y,r) 
(3) I = I(r) 

(4) M = L(Y,r) 


where Y is income, C is consumption, J is 
investment, v is the rate of interest, M is the 
supply of money, and the price level is as- 
sumed to be constant and set equal to unity. 

Equation (1) is the condition for equi- 
librium in the goods market, (4) is the 
equilibrium condition for the money mar- 
ket, and Walras’ Law permits the sup- 
pression of the equilibrium condition for 
the remaining good, bonds. The aggregate 
budget constraint for the model may be 
written as 


(3) [(C+1- Y] + EIH )- 4] 
+ [LiY,r) - M] = 0 


where A is the quantity, 1/r is the price, and 
A +) is the demand function for bonds; 
and where, for the moment, we have left the 
arguments of that function unspecified. 

The excess demand function for bonds 
may be expressed in two different ways, 
i.e., either as 


(6) E,=H( )-A 


or, because of the budget constraint and 
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equations (2) and (3), as 


(D) E, =r[M — L(Y,r) 
+ Y- C({Y, r) — (r) 


If these two equations are not to be incon- 
sistent as they stand, H( ) must take the 
following form 


8) A( )= HO, r) +A4A+rM 


where Ħ(Y,r) is an expression in Y and r. 
The assumptions therefore embodied in this 
model are economically most implausible. 
Firstly, any exogenous increase in the quan- 
tity of bonds will be willingly held no matter 
what the values of the level of income, the 
rate of interest, or the quantity of money. 
This allows the total wealth of the private 
sector to become indefinitely large without 
influencing any other variable in the model 
except the demand: for bonds—if the in- 
crease comes solely through increments in 
the stock of that good.! Secondly, any in- 
crease in the money stock is, for given levels 
of income, the stock of bonds, and the rate 
of interest, entirely used to purchase bonds. 
None is held as additional cash balances or 
spent on consumption. (As an indication of 
the sort of implication which may be de- 
rived from this type of model, it may be 
noted that it makes no difference here 
whether the supply of money is increased 
through cash grants or through open market 
operations.) 

Now, while leaving assets out of the de- 
mand functions of the nonsuppressed equa- 
tions of a closed model is obviously un- 
realistic, it does not necessarily involve the 
model in inconsistency. In open economies, 
however, the omission is crucially unrealistic, 
and in a number of instances in the litera- 
ture it has led authors into one of the 
mathematical contradictions which has in- 
duced the writing of this paper. This point 


l There is, of course, the argument that when ex- 
pected future tax liabilities are considered, an increase 
in government bonds does not increase the private 
sector’s wealth. This argument does not imply, how- 
ever, that the supply of bonds has no effect whatsoever 
on the other markets of the system. 
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is however more easily discussed in Section 

JI below following the presentation of the 
model embodied in equations (37)-(47) and 
(48)-(49). 


II. The Two-Economy IS-LM Model 


Consider now a fixed-exchange rate, 
IS-LM two-economy world, and suppose 
for simplicity only that the capital markets 
are completely segregated. The equations 
in the literature are then often written as 
some variant of the following: 


(9) Y=C+14X-ex* 
00 Y*=C*+ + X*+- ix 
GD) M=LiY%,n 


(12) M* = L*(¥*,r*) 
a3) C= C(¥,) 
(14) C* = C#Y*,r*) 
05 I-I 

G6 I = I*(r*) 
a) X= x(r*, i) 
(18) X* = X*(Y,e) 
(19) By = X — eX* 
(20) BR=X*-iYX 


where unstarred variables refer to the home 
economy and starred variables to the for- 
eign economy. The variable Y, C, J, r and M 
are as defined for equations (1) and (2), X is 
exports, B; is the balance of trade, and e is 
the exchange rate, defined as the home cur- 
~rency price of foreign money. The exogenous 
variables are usually e, M, and M*, al- 
though sometimes r and r* replace the latter 
two. 

There are three criticisms to be made here, 
The first is the same as that made in the pre- 
vious section, that is, that the model re- 
quires rather peculiar excess demand func- 
tions for bonds, if each country’s budget 
constraint is not to be violated. The second 
criticism, however, is much more crucial 
since it involves a basic contradiction in the 
model, It is this. By requiring in (11) and 
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(12) equality between the demands and sup- 
plies of money, the model forces the balance 
of payments of each country to be zero. It 
then becomes nonsensical to investigate the 
effects on either economy’s balance of pay- 
ments of variations in the exogenous vari- 
ables. 

The argument to demonstrate this 
proposition runs as follows. First, let M, 
M*, and e be the exogenous variables. The 
aggregate budget constraints for the home 
and foreign economies are then 


(21) [Y — C—1 + eX*] + [-eX*] 
+414 - H( )) + (M~- L(Y, = 0 


(22) [r 2 Gh Sty: L xl if- 1 x] 
+4 A*- H* )) 
+ [M* — L*(Y*,*)] = 0 


where the excess supply of each good is 
bracketed and, as before, A and A* and 
H( )and H*( ) are the supplies and de- 
mands for bonds. Since the literature pro- 
vides little guidance on the matter, I again 
leave the arguments in the demand func- 
tions for bonds unspecified. The overall 
balance of payments in an economy’s own 
currency, B and B*, may be defined, both 
ex ante and ex post, as the value of the 
excess supplies of all other goods except 
money, 1.¢., as 


(23) B=[Y¥—-C-—I1 + eX*] 
+ [-eX*] +4 [4 - HC DI 
(24) B* = [r - c aha] 
+ |- Laje hu - H* J 
Equations (21)-(22) and (23)-(24) together 
imply 
(25) B = L(Y, r) - M 


(26) B* = L*(¥*,r*) — M* 
In addition in equilibrium, if each bond 


H 
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market clears, we have from equations 
(9)-(20), (23)-(24), and (25)-(26), 


(27) B =Br= X — eX* 


= L(Y, )-M=0 
(28) BY = BE = X*- 1X- 


L*(Y¥*,r*) — M* =0 


The model outlined by equations (9)-(20) 
with the money supplies exogenous cannot 
therefore be seriously employed for balance- 
of-payments analysis. This, as detailed in 
Section V, effectively rejects a large propor- 
tion of the Keynesian balance-of-payments 
literature. 

Suppose, on the other hand, that M and 
M* are treated as endogenous with r and r* 
exogenous. The economic sense of this pre- 
sumably is that the monetary authorities 
step in to buy or sell bonds to keep the rates 
of interest constant. Rewrite the private sec- 
tor budget constraints as 


(29) [Y- C — I + eX*] + [-eX*] 
+ EIA = Ho )) + [Mp = LCY, i] = 0 


njef 


AR )) 


(30) [yt - cts 


1 
Hopla 


+ [Mf — L*(Y*, r") = 0 
where the only differences between these 
two equations and (21) and (22) are that the 
initial money stocks of the private sectors 
and their demands for bonds now have a 
subscript P as a distinguishing mark. 

The monetary authorities’ budget con- 
straints are 


Gl) 2 [- Hel + [AM] = 0 
G3) [- Ha] + [Ams] = 0 


where Hg and Hé are the monetary au- 
thorities’ demands for bonds and AM, and 
AM@ are the increments in the money 
stocks brought about by the authorities’ 
activities in the bond markets. 
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The aggregate budget constraints for each 
country are obtained by summing equations 
(29)-(30) and (31)-(32) country by country. 
This operation yields 


(33) [Y — C—1 + eX*} + |- eX*] 
+ EA- Ho )~ Hel 
+ [M - LY,n) = 


(34) [re-er Lr]e|-ix 


pljits 


r* 


H$( ) — Hé] 
+ [M* — L*(¥*,r*)] = 0 


where now M and M*, the total supplies of 
money, are given by 


(36) M* = Mt + AM% 


Equations (33)-(34) and (23)--(24) again 
imply equations (25)-(26) and, if the bond 
markets clear, equations (27)-(28). There- 
fore, in the endogenous money supply case 
as well, the inclusion in the model of equa- 
tions such as (11) and (12), which clear the ` 
two money markets, forces each country’s 
balance of payments to vanish. 

The third criticism of the model results 
from the fact that both bond market-clear- 
ing equations are omitted in (9)-(20). 
Walras’ Law allows for the suppression of 
one equation, but nothing provides for the 
omission of the second, and without it the 
model does not require equilibrium in either 
of these markets.” This fact alone should 
have been indication enough to theorists 
employing variations of this model that 
something was wrong. 


Ill. A Restated Two-Economy Model 


The difficulties with the model presented 
in equations (9)-(20), aside from the pe- 


2Therefore the move from equations (25)~-(26) to 
equations (27)-(28) was not really justified on mathe- 
matical grounds. This does not alter the conclusion 
presented there, however. In a properly specified 
model, external equilibrium is implied by the re- 
quirement of equality between the demand and sup- 
ply of money in each of the two countries. 
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culiarities of the excess demand functions 
. for bonds, are associated with the descrip- 
tions of the money markets and the omis- 
sion of the bond market-clearing equations. 
Suppose, to deal with the latter problem, we 
borrow a leaf from Robert Mundell (1963, 
1964) and assume perfect capital mobility, 
so that we need include only one bond mar- 
ket and one rate of interest. In this case it 
is perfectly valid to use Walras’ Law to 
suppress the market-clearing equation for 
that good. For the former problem we may 
follow a number of writers who have al- 
tered the money market equations to allow 
currency flows between the two economies 
so that balance-of-payments disequilibria 
are possible, 
A model which includes these adjust- 
ments is the following: 


(37) Y=C+I1I4+X — ex* 

(38) y= chs 4 X*- 2X 

(39) M + eM* — L(Y,r) — eL*(Y*,r) = 0 
(40) C= CY,” 


(41) Ct = CHY*,7) 

(42) T= 19) 

(43) = P) 

(44) X= x(v*,t) 

(45) ¥* = X*(Y,e) 

(46) B= LUY,)—-M 
U) BY = L*(¥*,7) — M* 


where r is now the world interest rate and 
all other variables are as defined in the pre- 
_ vious section. We continue to assume that 
equations (21)-(22) and (23)-(24) hold 
(where now r = r*) so that the balance of 
payments may be expressed as in (25)-(26) 
or, as we have done here, as in (46) and (47). 
It is the operations of the exchange au- 
thorities in making the two moneys perfect 
substitutes which bring about a single mar- 
ket for that good. The terms M and M* 
denote the initial supplies of money in each 
period, but of course these alter over time 
according to the currency flows given by 
(46) and (47). Therefore if there is no do- 
mestic credit creation or destruction we 
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have 
(48) M, = L(Y%-1,"-1) 
(49) MË = L*(YEy.n-1) 


where the subscript t denotes period t.? 

Is this model, except for the specification 
of the excess-demand function for bonds, 
acceptable as a description of the interna- 
tional economy? The answer is quite simply 
“No.” It still remains entirely unsuitable. 

Suppose for the moment that equations 
(37)-(47), (21)-(22), (23)-(24), and (48)-(49) 
are valid and that an equilibrium exists. 
Now let the home economy devalue by in- 
creasing e, and consider the effect of this 
policy on the balance of payments. Theo- 
rists in the Keynesian tradition usually at- 
tacked this problem by deriving conditions 
for the sign of the total derivative of the 
balance of trade, Br = X — (1/e)X*, to be 
positive, although a number of contribu- 
tions did include the capital account to de- 
rive the effect on the overall balance of 
payments. However, because of equations 
(21)-(22), (23)-(24), and (25)-(26), it is 
possible to determine the effect of devalua- 
tion on the overall balance of payments by 
investigating its effect on the excess demand 
for money as given by (46) and (47). 

Now, in the first postdevaluation equilib- 
rium, equation (39) sets the total world de- 
mand for money equal to its supply, when 
these variables are expressed in a common 
currency; and (46) and (47) yield the amount 
of this good which is required by the equi- 
librium to pass over the exchanges. 

Consider the second postdevaluation 
equilibrium, given by the same equations, 
where now, however, because of equations 
(48)-(49), the initial money balance of each 
economy is equal to its demand in the pre- 
vious period. The equilibrium values of all 
dependent variables in the equations except 
Band B* are given by equations (37)-(45) 
and these equations depend only on the 
total quantity of money, M + eM*, not its 
distribution between the two countries. 


3The introduction of fractional reserve banking 
systems would alter none of the essentials of the argu- 
ment which follows. 
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Therefore, the equilibrium values of the 
dependent variables in these equations are 
the same in the second postdevaluation 
equilibrium as they were in the first. This is 
true, in particular, of Y, Y*, and r, and 
therefore of L(Y, r) and L*(¥*,r). 

Equations (48)-(49), (46) and (47) allow 
Band B* in the second postdevaluation pe- 
riod to be written as 


(50) Bri = L(Y gai tori) g L(Y Tw) 


(51) Bis = L*(Yijer> Roti) E L*(Y Ñ Tig) 


where tọ denotes the first postdevaluation 
period and tọ + 1 the second. From the 
above argument, however, we know that 
Yori = Yi Yh = Ib and Fori = Fiy 
so that each country’s overall balance of 
payments vanishes in the second postdevalua- 
tion period. And of course this will be true 
of every succeeding period as well, unless 
one of the parameters of the model is al- 
tered. 


The disturbance mentioned here was a’ 


change in the exchange rate, but the same 
result would follow a variation in any 
parameter. In this model the required cur- 
rency flows resulting from any disturbance 
take place completely in the period in which 
that disturbance occurs. Therefore each 
country in the model reexhibits balance-of- 
payments equilibrium in the second and 
every succeeding period following such a 
disturbance. A model which so flies in the 
face of even the most casual observation of 
the real world is not in any way acceptable 
for balance-of-payments analysis. And no 
additional assumptions of sterilization or 
similar behavior by the monetary author- 
ities can disguise this basic inadequacy. 


IV. Summary 
We now have the following propositions: 


PROPOSITION 1: Models which do not in- 
clude assets in the demand functions of their 
nonsuppressed equations require the demand 
function in the suppressed (because of Wal- 
ras’ Law) equation to be peculiarly and 
asymmetrically specified. 
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PROPOSITION 2: Models which include 
equations which bring each country's demand 
and supply of money into equality have zero 
overall balance-of-payments figures in all pe- 
riods. This is true whether the supplies of 
money are taken to be endogenous or exog- 
enous.. If, in addition, the model includes 
other equations which allow the overall bal- 
ance of payments to be nonzero, it is con- 
tradictory. 


PROPOSITION 3: Models in which more 
than one market-clearing equation is sup- 
pressed do not require equilibrium in any of 
the excluded markets. (In the literature, this 
usually happens with the bond markets.) 


PROPOSITION 4: Consider models (a) 
which do not include assets (in particular, 
money) in the demand functions of their non- 
suppressed equations and (b) which allow 
intercountry flows of currency by essentially 
setting the world demand for money equal to 
its supply. These models have zero balance- 
of-payments values in the second and every 
succeeding postdisturbance period. And, if 
they also include balance-of-payments func- 
tions which are not so constrained, they too 
are contradictory. 


V. Illustrations from the Literature 


Lest the reader feels that the foregoing is 
all too obvious, we may consider a selection 
of papers from the literature. I make no at- 
tempt at comprehensiveness; instead I in- 
tend to illustrate how often inconsistent 
models have been presented in what con- 
tinue to be quite highly regarded papers. (I 
might add, however, that it is extremely 
difficult to find models in the Keynesian 
tradition which do not fall into inconsis- 
tency.) 

We shall first consider James Meade’s 
contribution. Meade presents his complete 
model in Section III (pp. 10-14). His equa- 
tions (1.21) and (1.22) are the demand func- 
tions for money in country A and country 
B, respectively, and his (1.23) equates the 
related demands for gold to the world’s 
supply. These three equations reduce essen- 
tially to (39) in my Section HI above. 
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Meade first considers the fixed exchange 
rate case under the heading, “The Gold 
Standard,” on page 13. Here he sets coun- 
try A’s overall balance of payments, given 
by his equation (1.20), equal to zero, “‘since 
the system is in external equilibrium.” It is 
not at all obvious why Meade felt the need 
to force the balance of payments to vanish 
each period in this way, since gold flows 
could and did take place under the gold 
standard. He did, however, require an extra 
equation to close his model, since he as- 
sumed two-bond markets, but included 
neither of their market-clearing equations 
in his set of conditions. This shortage pre- 
sumably induced him to search for some 
other equation to complete the system, but 
it also, as stated in Proposition 3 above, 
leaves these two markets uncleared. 

Meade’s model under his gold standard 
assumption is also subject to Proposition 4. 
Therefore, if his balance-of-payments func- 
tion is to be consistent with the rest of his 
model, it must vanish in the second and all 
subsequent postdisturbance periods, and it 
then becomes redundant, leaving the model, 
even on his terms, underdetermined. If on 
the other hand, the balance of payments 
does not vanish in this way, the model is 
contradictory. Moreover, if the balance of 
payments is set equal to zero in all periods, 
as Meade’s equation seems to state, then no 
gold could flow between countries even 
during a first postdisturbance period. This, 
however, would not allow Meade’s money 
market equations to be satisfied ever, except 
accidentally. 

Later in his book (for example, p. 49) 
- Meade abandons the gold standard as- 
sumption and lets the stocks of money be 
endogenous in his money market-clearing 
equations. This, however, subjects his 
model to the criticism presented in Proposi- 
tion 2. The money equations in this case 
lock the economies into external balance, 
which contradicts the results he derives 
from his balance-of-payments function. 

Lastly, Meade includes a net autonomous 
transfers function, his (1.19). This function 
must presumably depend on the two coun- 
tries’ excess demands (ex post, net pur- 
- chases) of each other’s securities. But, if 
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this is the case, since it is independent of 
any assets, it must contradict the aggregate 
budget constraints, as the discussion lying 
behind Proposition 1 indicates. 

While Meade considers a wide range of 
policies, S. C. Tsiang (1961) essentially 
utilized Meade’s model to investigate the 
effects of variations in the rate of exchange. 
He includes a money market equation for 
each economy ((13) and (14), p. 147) setting 
each country’s demand for that good equal 
to its supply. He does not include Meade’s 
gold standard equation “‘as there is hardly 
any country that mechanically follows this 
rule of the gold standard game” (p. 147), 
and he discards Meade’s net autonomous 
transfers function, concentrating only on 
the balance of trade. 

Tsiang sometimes takes the individual 
money stocks to be exogenous parameters 
and other times lets them become endoge- 
nous by assuming that the monetary au- 
thorities vary the quantity of money to 
either fix the level of income or the interest 
rate. In either case, we know from Proposi- 
tion 2 that the balance of payments of each 
country in this model is forced to equal 
zero in all periods. However, if the capital 
markets are segregated (as would seem to 
be his implicit assumption since each coun- 
try’s equations are independent of the 
other’s rate of interest), this zero value con- 
tradicts his balance-of-trade function, which 
is not required to vanish. As in Meade, 
Tsiang excludes the bond market equations 
which again permits these two markets to 
be out of equilibrium when his equations 
are satisfied. y 

J. Marcus Fleming considers the com- 
parative effects for a small country of 
monetary and fiscal policy under both fixed 
and flexible exchange rates. His system of 
equations includes balance-of-trade and net 
capital import functions and one which sets 
the demand for money equal to its supply. 

Fleming, in his analysis of the effects of 
an increase in government spending under 
fixed exchange rates, holds the money stock 
constant and then derives the conditions for 
the balance of payments to improve, seem- 
ingly unaware that his money market as- 
sumption requires the balance of payments 
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to be zero. In his consideration of the ef- 
fects of an increase in the supply of money 
under fixed exchange rates, he continues to 
require equilibrium in the money market, 
and then deduces that the equilibrium bal- 
ance of payments decreases, which is an- 
other contradiction. 

Jaroslav Vanek (pp. 121-23, 133-37) con- 
structs a standard, small-country Keynes- 
ian model with the demand for money set 
equal to the exogenous supply, which of 
course should make the value of his balance 
of payments vanish. 

Mundell in a pair of articles (1963, 1964), 
also considers the effects of monetary and 
fiscal policies under fixed and flexible ex- 
change rate regimes, In the first part of his 
1963 article he verbally considers long-run 
equilibrium positions in the fixed exchange 
rate case, In that situation there is asset 
equilibrium so that the demands and sup- 
plies of money are constant over time and 
equal to each other. There is no contradic- 
tion there. However, in the later sections of 
his paper, Mundell develops a diagram- 
matic analysis of the problem. There, in 
the fixed exchange rate case, he uses an FF 
curve and an LL curve to describe the 
combination of values of income and the 
interest rate which bring about external 
balance and zero excess demand in the 
money market. He lets increases in the 
quantity of money and currency flows over 
the exchanges shift the LZ curve, so it ob- 
viously holds in the short run. In that case, 
however, the LZ and FF curves should be 
identical since equations (21)-(26) of Sec- 
tion II above hold whether the economy is 
in or out of equilibrium. As Mundell’s ex- 
position involves a distinction between 
these two curves, it requires some alteration. 

Mundell’s first article dealt with a small 
country faced with perfect capital mobility. 
His second was meant to generalize the 
analysis to a situation where the home 
country is large enough to influence world 
markets. The model employed is 


(52) I(r) + T— S(Y) + B(Y, Y*,e) = 0 
(53) I*(r) — S*(¥*) — B(Y, ¥*,e) = 0 
(54) M = L{r,Y) 
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(55) M* = L*(r, ¥*) 
(56) M=D+R 
(57) M* = D* + R* 


(58) R+R*=W 


li} 


where J is autonomous investment in the 
home country, D and D* are the domestic 
components of the two money stocks, R 
and R* are the foreign-reserve components 
of those stocks, W is the world stock of re- 
serves, and the other variables are as de- 
fined in Sections J, II, and III. 

Mundell’s model is essentially that given 
by equations (37)-(45) in Section III since 
his equations (54)-(56) reduce to my equa- 
tion (39) above. 

All of this is unobjectionable, except for 
two things. The equations of the model are 
independent of the supply of bonds, which 
Mundell requires to vary for both his fiscal 
and monetary policies. This as usual re- 
quires the demand function for bonds to be 
peculiarly specified. Secondly, and more im- 
portant, the model is a short-run model 
similar to others used in the literature. As 
such it, in the first instance, would not seem 
to provide a complementary analysis to the 
small-country case which he presents in the 
first part of his 1963 paper. I say, “in the 
first instance,” because as has been men- 
tioned now several times in this paper, this 
model reaches its long-run equilibrium posi- 
tion in the second short-run equilibrium 
period. Therefore, Mundell’s analysis of 
the large-country case is a long-run as well 
as a short-run analysis. We do note again, 
however, the lack of realism of such a 
model. 

There is a further criticism of Mundell’s 
analysis in this connection. We have noted 
that Mundell’s conclusions for the fixed 
exchange rate case are long-run conclu- 
sions. Monetary policy, for instance, has 
no influence in the new long-run equilib- 
rium when there are no longer any money 
flows between countries.* His conclusions 
for the flexible rate case hold in each short- 
run period, however, which introduces a 


4Emphasis on the fact that this is a long-run conclu- 
sion is made by Swoboda. 
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curious asymmetry into the analysis. 

In more realistic models than the type 
Mundell uses, this distinction would be of 
importance. Monetary policy under fixed 
exchange rates may be expected to have not 
inconsiderable effects in the short run be- 
fore the variations in the stock of money 
are offset by flows over the exchanges. In 
the model given by equations (52)-(58) or 
(37)-(47), however, i: makes little differ- 
ence since the long-run equilibrium posi- 
tion is attained so quickly. 

Anne Krueger also analyzes the effect of 
fiscal and monetary pclicy under fixed and 
flexible exchange rates. In equation (10) of 
her model (p. 197) she sets the demand for 
money equal to the supply, where the latter 
variable increases or decreases according to 
whether government current expenditure 
less taxes is greater than governmental bor- 
rowing. A country’s aggregate budget con- 
straint, including all gcvernmental activities 
other than those of the exchange authority, 
still implies that the country’s balance of 
payments equals its excess demand for 
money. Therefore her money market equa- 
tion also forces the balance of payments to 
equal zero, which contradicts her balance- 
of-payments function (2). 

Krueger includes a bond market equation 
(14) and states that it has to hold when the 
money market equation does. (She presum- 
ably meant that it holds when all other mar- 
kets clear.) She runs into a further difficulty 
with this formulation, however, for if one 
writes out her private sector budget con- 
straint, the supply of money enters only the 
excess demand for money function and the 
supply of bonds enters only the excess de- 
mand function for that good. This involves 
the model in the sort of contradiction which 
was discussed in Section I. 

Egon Sohmen also considers fiscal and 
monetary policies under fixed and flexible 
exchange rate systems. He sets down the 
following model. 


(59) Y = ACY, + X() — MY, +n 
(60) L(Y, i) =u +R 
(61) [xo z 1 m,n + K(i) = R — Ro 
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where Y is real national income, A is do- 
mestic absorption, i is the domestic rate of 
interest, r is the exchange rate defined as the 
foreign currency price of domestic cur- 
rency, X is exports, M is imports, ņ is gov- 
ernment expenditure, R is the domestic cur- 
rency value of foreign exchange reserves, u 
is the autonomous component of the money 
supply, L(-) is the demand for money, K is 
capital imports, and R, is the initial stock 
of foreign reserves. With fixed exchange 
rates, Y, i, and R are the endogenous vari- 
ables. With flexible rates, r replaces R. 
The private sector budget constraint is 


(62) [Y — A(Y,i,n) + M(Y, D] — M(Y,r) 
+ Ki) + [e + Ry — L(Y, D) = 0 


For the moment we assume government 
expenditure ņ is zero. Equations (59) and 
(62) together imply 


(63) X(r) — M(Y,r) + K(i) = 
L(¥,i) — Ro~ u 


However, (63) with equation (60) implies 
equation (61) above, if M(Y,r) in (59) is 
multiplied by 1 /r as it should have been. 

The problem here is that (60) and (61) 
are two ways of expressing the same thing, 
the excess demand for money. They are not 
both independent. In addition, neither 
equation is the equilibrium condition for 
money in the world economy. Each just 
determines the amount of money, and 
therefore reserves, gained or lost by the 
home economy. Therefore Walras’ Law 
does not permit the omission of the home 
bond market-clearing equation which 
should replace either (60) or (61) to give 
three independent equations. 

Reintroducing government expenditure 
into the model does not alter any of the 
above, if the reintroduction is done in a 
consistent way by accounting for the source 
of funds for that expenditure. 

All excess demand functions are inde- 
pendent of the initial stock of bonds which 
brings about another contradiction if K(i) 
depends on the excess demand function for 
bonds as it should do. The final criticism 
stems from the fact that, although the bud- 
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get constraint requires {60) and (61) to give 
the same restriction in equilibrium, they are 
contradictory. Equation (60) indicates a 
zero value for the excess demand for money 
—and therefore for the change in reserves— 
from the second equilibrium period on fol- 
lowing a parameter change, while (61) states 
that reserves continue to increase period by 
period. 

Harry Johnson uses the IS-LM model, 
essentially as outlined in Section JI, but 
with capital imports added. Therefore, the 
criticisms stated there hold for his paper. 

David J. Ott and Attiat F. Ott use the 
IS-LM model with capital imports and a 
few other inconsequential variations. Their 
analysis is also subject to the same criti- 
cisms. 

Ronald W. Jones employs a model with 
a balance-of-payments function and a 
money market-clearing equation with the 
supply of money exogenous. The latter 
as usual forces the balance of payments 
to zero which contradicts the former. In 
addition his model is independent of the 
stock of bonds, even though these must 
vary as government expenditure is allowed 
to alter without changes in the level of taxa- 
tion or the supply of money. 

Jürg Niehans used Sohmen’s model. The 
comments made concerning the latter there- 
fore pertain to Niehans’ paper as well. 

Richard N. Cooper includes two money 
market equations (with each country’s sup- 
ply of money equal to the sum of a domes- 
tic component and its exchange reserves) 
which reduce to one which clears the world 
market for that good. Since, however, he 
omits both bond market equilibrium condi- 
tions, he has one too few equations in his 
model, a situation he unsuccessfully at- 
tempts to circumvent by an argument which 
results in the increments in the balance of 
payments being set equal to the changes in 
the reserves. The omission of the bond 
market equation also, of course, leaves 
these two markets uncleared. 

Swoboda and Dornbusch set out to in- 
vestigate the effects of various policies 
when money flows are incorporated to 
bring about long-run equilibria. Their first 
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model includes only money and goods and 
is given by 


(64) Y = E(Y,M) + T(Y,Y',M,M’) 
(65) Y' = E’(Y',M’) — TŒ, Y', M, M') 
(66) M =D +R = L(Y) 

(67) M' = D' + W — R = L'(Y') 


where unprimed variables refer to the home 
country and primed to the foreign, Y is in- 
come, £ is expenditure, T is the trade bal- 
ance, M is the supply of money, D is the 
banking system’s domestic assets, R is in- 
ternational reserves, L is the demand for 
money, M = M — L(Y) and M! = M' -— 
L'(Y'). The variables Y, Y', R, M, M', M, 
and M’ are endogenous, and one equation 
is redundant because of Walras’ Law. 

The equations are inconsistent. Suppose 
there is an initial equilibrium solution. Now 
let D increase. Then the values of Y and Y’ 
which previously satisfied (66) and (67) will 
no longer do so. However, when these two 
equations do hold in the new equilibrium, 
M and M' are zero in (64) and (65). In that 
case, however, the previous equilibrium _ 
values of Y and Y' will satisfy these two 
equations, contradicting their new solution 
values in (66) and (67). 

The next model Swoboda and Dornbusch 
consider is one with segregated capital mar- 
kets. The equations are 


(68) Y =(Y,r)+ T(Y,Y') 41 
(69) Y' = E'(Y',r') - T(Y,Y') +I 
(10) M=D+R=LY,n 


(1) M'=D'+W-R=L(Y¥'r') 
dM dR 
72 ——= — = TY , 
=- _aM" _ _ dR’ 
dt dt 


where in addition to variables defined 
above, r and r’ are the rates of interest in 
the two countries, and J and Z’ are shift 
parameters. Equations (68) through (71) 
determine Y, Y', r, andr’. 

The authors hold M, M’, and R constant 
in each period. Equations (70) and (71) then 
require each demand for money to equal its 


VOL. 68 NO. 4 


fixed initial supply, and, therefore, if the 
model is consistent, they force T(Y, Y'), 
the balance of payments, to zero as well. In 
this case the model reaches its long-run 
equilibrium position in the first period. 

If on the other hand they had let M, M’ 
and R vary, they would not have enough 
equations to determine the system. This is 
of course because they have omitted the two 
bond market equilibrium equations, which 
in this model are not required to clear. The 
authors then consider a model with capital 
mobility which suffers from the same diffi- 
culties. 

The last paper we consider is by Tsiang 
(1975), which reconsiders Mundell’s prob- 
lem of appropriate policy assignment. One 
of the dynamic models Tsaing considers is 
that of a “free operating” system with no 
government intervention, (p. 208, equations 
(17)). The first equation has the time deriva- 
tive of income proportional to the excess 
demand for that good. The second has the 
time derivative of the rate of interest propor- 
tional to the excess demand for money. The 
third has the derivative of the net capital 
outflow proportional to a function of the 
four variables of the model, and the last 
equation has the rate of change of reserves 
proportional to the balance of payments. 

Tsiang takes a linear approximation of 
the system and then derives the Routh- 
Hurwitz conditions. The proposition that 
the balance of payments (defined as re- 
ceipts less payments) is equal to the excess 
demand for money is derived from the bud- 
get constraint, and it holds in and out of 
equilibrium. This, however, means that 
Tsiang’s second and fourth equations of the 
linearized system are proportional if the 
model is consistent, which makes the deter- 
minant of the system equal zero. This, how- 
ever, contradicts one of the necessary 
conditions for the system to be stable. 
Therefore Tsiang’s further discussion of 
the stability conditions is redundant. 


VI. Conclusion 


The papers discussed in Section V are 
not on the periphery of the postwar litera- 
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ture. On the contrary, they are established 
readings in the field. It will be an interesting 
topic in the history of economic analysis to 
attempt to explain how international mone- 
tary economics was able to develop along 
these lines for such an extended period of 
time. However, whatever that explanation 
is, there is work to be done. Definite results 
are not easy to obtain in more complex 
models which do not suffer from contradic- 
tions or gross unrealism. That difficulty 
cannot be sidestepped, however, by con- 
structing the type of analysis which has 
been typical of the literature. 
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Dynamic Stability and the Theory of 
Factor-Market Distortions 


By J. PETER NEARY* 


Although international monetary econo- 
mists have devoted much attention to the 
process of adjustment from one equilibrium 
to another, the pure theory of international 
trade has traditionally confined its atten- 
tion to comparisons between long-run 
equilibria.! The same point applies to those 
branches of theory, such as the neoclassical 
theory of tax incidence, which make use of 
models identical in structure to the Heck- 
scher-Ohlin-Samuelson model of interna- 
tional trade. The aim of this paper is to sug- 
gest that this neglect has overlooked many 
interesting problems, and to argue that the 
study of adjustment mechanisms in two- 
sector neoclassical models is both of inter- 
est in itself, and of value in providing in- 
formation on the comparative static 
properties of these models. In particular, it 
is shown that the use of explicit adjustment 
mechanisms permits some considerable 
simplifications of the theory of factor- 
market distortions. 

Many of the recent writings on factor- 
market distortions by international trade 
theorists have been concerned with the 
elucidation of a number of paradoxes 
(paradoxes at least in the light of accepted 
trade theory) which can arise in the presence 
of such distortions. (See especially Jagdish 
N. Bhagwati and T. N. Srinivasan; Ronald 
W. Jones, 1971a; Stephen P. Magee, 1971, 
1976.) One writer has gone as far as to say 


*Heyworth research fellow, Nuffield College, Ox- 
ford. I am indebted to Nick Stern for detailed com- 
ments on earlier drafts, and to George Borts, Dermot 
McAleese, and an anonymous referee for helpful sug- 
gestions. 

'Since this paper was written, my attention has been 
drawn to two interesting papers, by Wolfgang Mayer 
(1974a) and by Murray C. Kemp, Yoshio Kimura, and 
Koji Okuguchi, which study adjustment mechanisms 
similar to those considered here. However both of 
these papers are exclusively concerned with a small 
open economy, and do not discuss the question of 
factor-market distortions. 
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that the introduction of factor-market dis- 
tortions into international trade models 
opens a “Pandora’s Box of paradoxes” 
(see Raveendra N. Batra, p. 279). A neces- 
sary and sufficient condition for the occur- 
rence of many of these paradoxes is that the 
economy exhibit a particular condition 
(which cannot arise if factor markets are 
undistorted): namely, the level of initial 
distortions must be such that the ranking of 
the two sectors in terms of physical factor 
intensities is the opposite of their ranking in 
terms of value factor intensities; in other 
words, in the sector which uses a higher 
physical ratio of capital to labor, the share 
of payments to capital in the total value of 
output is lower than in the other sector. The 
implications of this condition may be seen 
by noting the principal paradoxes to which 
it gives rise: 

1) Perverse Price-Output Response: An 
increase in the relative price of one good 
leads to a fall in its output, assuming the 
levels of factor-market distortions are un- 
changed. 

2) Perverse  Distortion-Output Re- 
sponse: An increase in the rate of subsidy 
to one sector (whether an output or an in- 
put subsidy) leads to a fall in the output of 
that sector, assuming relative output prices 
are unchanged. ; 

3) Lack of Correspondence between 
Rybczynski and Stolper-Samuelson Theo- 
rems: Each of these theorems continues 
to hold in isolation, but the former must be 
expressed in terms of physical factor in- 
tensities, and the latter in terms of value 
factor intensities. Hence, if labor force 
growth at constant commodity prices in- 
creases the output of good X, an increase in 
the relative price of X assuming a constant 
labor force will reduce rather than increase 
the real wage. More surprisingly still, a 
country may be capital abundant relative 


to the rest of the world, and exporting its. 
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physically capital-intensive commodity, 
with all the other conditions for the Heck- 
scher-Ohlin theorem holding, and yet a 
protection-induced increase in the domestic 
price of the import-competing good will 
reduce the real return of the scarce factor 
(labor). 

These examples are sufficient to demon- 
strate that international trade theory be- 
comes apparently much more complicated 
when allowance is made for factor-market 
distortions. However, a major object of this 
paper is to show that all these paradoxes are 
theoretical curiosa which will “almost never” 
be observed in real world economies. More 
formally, Sections I and II below demon- 
strate that in a small open economy, equi- 
libria where the value and physical factor- 
intensity rankings of the two sectors differ 
are necessarily unstable under a variety of 
plausible adjustment mechanisms. 

Section I concentrates on the “‘short- 
run capital specificity” adjustment process, 
which is one exception to the general ne- 
glect of adjustment processes by interna- 
tional trade theorists, having been studied 
by Mayer (1974b) and Michael Mussa, 
drawing on earlier work by Jones (1971b). 
A more general class of adjustment mech- 
anisms, permitting both labor and capital 
to be sector specific in the short run, is ex- 
amined in Section II. Section III extends 
the analysis to the case where relative com- 
modity prices are endogenous and derives a 
general stability condition for this case 
also. The implications of these findings are 
examined in Section IV: it is shown that 
they permit a considerable simplification of 
both international trade theory and the gen- 
eral equilibrium theory of tax incidence, 
and also that they may be interpreted in 
terms of the relationship between Walrasian 
and Marshallian stability conditions. Fi- 
nally the principal conclusions of the paper 
are summarized in Section V. 


I. Short-Run Capital Specificity in a 
Small Open Economy 


In this section, I examine the process of 
adjustment to an exogenous change in the 
level of factor-market distortion in a small 
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open economy which obeys all the assump- 
tions of the Heckscher-Ohlin-Samuelson 
model of international trade (including per- 
fect competition, constant returns to scale 
and fixed aggregate factor supplies) with 
two exceptions: firstly, long-run equilibrium 
is characterized by constant proportional 
differentials between the value marginal 
products of capital and labor in the two 
sectors:? 


(la) Wy = 
(ib) ry = Bry 


and secondly, while the labor force is in- 
stantaneously reallocated to ensure that 
(la) is satisfied at all times, capital goods 
are sector specific in the short run, and 
move between sectors in the medium run in 
response to deviations from (1b).? 

To investigate the short-run effect on the 
intersectoral differential in capital rentals 
of a once and for all increase in the labor- 
market distortion parameter œ (attribut- 
able, for example, to an increase in the rate 
of labor subsidy to sector X), I invoke the 
well-known conditions, implied by profit 
maximization and constant returns to scale, 
that the proportional change in the price of 
each good must equal a weighted average 


QWy 


2The term long run is to be understood in the 
Marshallian sense, as a period long enough for each 
sector to have adopted a scale of production which is 
(privately) optimal in the light of its external environ- 
ment. A corollary of this is that factors have been al- 
located such that they earn the same net return in each 
sector. Since throughout this paper I assume that total 
factor supplies are fixed, it is clear that this long run 
may be relatively short in comparison with the time, 
periods usually considered in the theory of economic 
growth. The sense in which the appellation ‘“‘Marshal- 
lian” is appropriate should become clear in Section IV 
below. 

3Most writers in the enormous literature on factor- 
market distortions deal exclusively with the long-run, 
two mobile factors, case. (See especially Arnold C. 
Harberger and Jones, 1971a.) Exceptions include: 
Charles E. McLure, Jr. who uses a model where labor 
is sector specific but capital instantaneously mobile; 
Magee (1976, pp. 85-86) who briefly discusses the ad- 
justment process, citing unpublished work by J. 
Marquez-Ruarte; and the author (1978), who examines 
the consequences of a particular factor-market distor- 
tion in both mobile and immobile capital models, but 
without examining the adjustment process. 
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of the changes in factor prices in each sec- 
tor, the weights being the share of each 
factor in the value of output of that sector 
(a circumflex indicates a proportional rate 
of change: w = d log w): 


(2) Dy = O,yWy + OxyPy 
(3) By = OpyWy + Oxy?y 


With both commodity prices held constant 
because of the “small country” assump- 
tion, equations (la), (2), and (3) may be 
manipulated to express the change in the 
intersectoral rental differential as a func- 
tion of changes in the labor-market distor- 
tion parameter and the wage in the X 
sector: 


(4) OxyPxy(Fy — Fy) = — KA Wy + OLyôkxå 


where | 6| is the determinant of the matrix 
of sectoral factor shares, and is positive if 
and only if the X sector is relatively labor 
intensive in the value sense. To eliminate 
the change in wy from (4), use the full- 
employment condition, which is expressed 
by equating the sum of the labor demand 
schedules of each sector to the fixed labor 
endowment: 


(5) Lal a} + La(5ts Ki) a 


Differentiating (5), holding commodity 
prices and capital allocations constant, and 
using equation (la), one may express the 
short-run proportional change in the wage 
rate in sector X as a function of the change 
in the labor market distortion parameter:* 


a 1 Oy A 
(6) Pr = -> Mr ha 
x A LY Oky 
where 
D A= Aga t Ay so 
Oxy Oxy 


Finally, substituting from (6) into (4): 


4The notation used is that of Jones (1965): Aj; is the 
proportion of the fixed stock of factor i used in sector 
J; 8y is the share of gross payments to factor i in the 
value of output of sector j; and øg; is the elasticity of 
substitution between capital and labor in sector j. 
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(8) OxxOxy(Fy aga fy) = 


1 a 
aA (oyàrxðLy + oyAryOrx~)& 


Assuming that the capital market is in long- 
run equilibrium before the change, this 
shows that an increase in the wage differ- 
ential in favor of sector Y will increase the 
relative rental on capital in the other sector 
in the short run. Hence, in the medium run, 
capital will begin to reallocate from sector 
Y to sector X, irrespective of the relative 
factor intensities (in either the physical or 
value sense) of the two sectors. 

But this capital reallocation will itself af- 
fect the intersectoral rental differential. To 
see this, again differentiate equation (5), 
this time holding commodity prices and 
factor-market distortions constant: 


(9) Wy = + Ougky F highky) 


This gives the effect on the X sector wage 
rate of any arbitrary changes in the capital 
stocks in each sector. However, when a re- 
allocation of the given stock of capital is 
considered, the changes in each sector are 
not arbitrary, but must continue to satisfy 
the capital endowment constraint: 


Ky + Ky =K 


or in differential form: 


(10) NexKy + AxyKy = 0 

Substituting from (10) into (9) gives 
> PN Ry 

11 = — 

(11) Wy A he 


where || is the determinant of the matrix 
of factor-to-sector allocations, and is posi- 
tive if and only if sector X is relatively labor 
intensive in the physical sense. Finally, sub- 
stituting from (11) into (4), holding con- 
stant the level of the labor-market distor- 
tion parameter a, one derives 


Oy Fi Fee ee 


This shows that a reallocation of capital into 
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sector X will reduce the proportional gap 
between the rentals in the two sectors, if and 
only if the product of the two determinants, 
|A| and |8|, is positive; in other words, if 
and only if the rankings of the two sectors 
by physical and value factor intensities are 
the same.’ Hence, if these rankings differ, 
the initial reallocation of capital in response 
to an increase in the wage differential will 
widen the intersectoral rental differential, 
leading to an increased flow of capital from 
Y to X, moving progressively further away 
from the new long-run equilibrium predicted 
by the comparative static analysis. One may 
conclude, therefore, that under the short- 
run capital specificity adjustment process, 
an equilibrium where the physical and value 
factor intensity rankings differ in a small 
open economy must be locally unstable. 


II. Stability in a Small Open Economy when 
Both Capital and Labor Adjust Sluggishly 


In the last section I examined the stability 
of equilibrium following a particular exog- 
enous change (a change in the level of dis- 
tortion in the labor market), and assuming 
a particular adjustment mechanism (the 
short-run capital-specificity process), In 
this section I generalize this to the case 
where both capital and labor adjust slug- 
gishly, and show that the same stability 
criterion applies. I continue to adopt the 
small open economy assumption of fixed 
relative commodity prices. 

The dynamic assumptions of this section 
are that both capital and labor follow ad- 
justment processes of the same form 
(though not necessarily of the same speed). 
Both factors are now sector specific in the 
short run, but complete flexibility of the 
wage and rental rate within each sector en- 
sures that both factors are fully employed 


5This point has been noted by Jones (1975, p. 13), 
who nevertheless claimed that the adjustment process 
would eventually converge because, as capital re- 
allocates, the absolute gap between the two rentals is 
narrowed. However, he did not point out that the ad- 
justment is taking place in the opposite direction to 
that predicted by the comparative static analysis. 
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throughout the adjustment period. As be- 
fore, a long-run equilibrium is defined as a 
state where each factor earns the same re- 
turn in both sectors, taking into account the 
distortion parameters a and £ as in equa- 
tions (la) and (1b). Starting from such an 
equilibrium, any exogenous shock will 
bring about a short-run intersectoral diver- 
gence.of the distortion-inclusive returns of 
each factor. These divergences in turn will 
lead in the medium run to a gradual reallo- 
cation (or “‘migration’’) of each factor out 
of the sector where it earns a lower return 
into the sector where it earns a higher re- 
turn. The rate at which this reallocation 
takes place will depend in general on a var- 
riety of considerations, including migration 
costs, rates of time preference and expecta- 
tions of future price changes on the part of 
factor owners. However, since our primary 
interest lies not in these influences them- 
selves, but rather in their implications for 
stability, we may subsume them into gen- 
eral migration functions of the following 
form (where D is the time derivative opera- 
tor): 


(13) Dy = ofe- | 


ry 
$' > 0,6(0) = 0 
(14) DLs = pfa že - | 
W > 0,¥(0) = 0 


It turns out that these dynamic assump- 
tions may be conveniently analyzed by lo- 


6One difficulty with this assumption arises if either 
factor is “inessential” in the production function of 
either sector (in the sense that the isoquants of the 
function intersect the axis corresponding to that fac- 
tor). In such cases the assumption of complete factor- 
price flexibility implies that the return of the relevant 
factor in the sector concerned may be zero during part 
of the adjustment period. This situation is logically 
consistent, provided it is assumed that the inessential 
factor is maintained above subsistence level by lump 
sum transfers where necessary. However, it is not a 
very appealing situation, and where it is likely to occur 
a different adjustment mechanism, similar to those 
mentioned in fn. 12 below, may be preferred to that of 
the present section. 
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cating directly in the Edgeworth-Bowley 
box the stationary loci of (13) and (14)? 
(i.e., equations (la) and (1b)) as well as the 
distorted efficiency locus (DEL) or contract 
curve of the Edgeworth-Bowley box, whose 
equation is 


aw w 
15 ek Soe 
ga) b ry ry 


The details of this construction are outlined 
in the Appendix, Section A. Figure 1 pre- 
sents the case where sector X is capital in- 
tensive in the physical sense ( | A | < 0), and 
where the rankings of the two sectors by 
physical and value factor intensities cor- 
respond (|A| [ð| > 0). For all points 
other than the long-run equilibrium point 
E, the directions of movement are shown by 
the arrows. These may be verified by ref- 
erence to equations (A1) and (A3) in the 
Appendix, and are in any case intuitively 
plausible. For example, an upward move- 
ment away from any point on the capital- 
market equilibrium locus (KMEL) implies 
an increase in the capital-labor ratio in X 
and a decrease in that in Y; at constant 
commodity prices this implies a fall in the 
rental in X and an increase in that in Y; 
hence capital is encouraged to move out of 
the X sector into Y. The direction of labor 
migration at all points off the labor-market 
equilibrium locus (LMEL) may be estab- 
lished in a similar manner. The conclusion 
to be drawn from the figure is that the equi- 
librium at Æ is globally as well as locally 
stable. 

A very different conclusion is drawn from 
Figure 2, however, where the physical and 
value factor-intensity rankings of the two 
sectors differ. At the equilibrium point F, 
the KMEL cuts the DEL from below, while 


?7The only previous writer to discuss these loci ap- 
pears to be Magee, who considered only one of the two 
loci, calling it first a “distortion equilibrium locus” 
(1971, p. 630), and later, following Marquez-Ruarte, 
an “‘iso-price locus” (Magee, 1976, pp. 28, 86). The 
latter term is inappropriate in the present context, 
however, since with both factor markets in disequi- 
librium, any point in the production box is a feasible 
short-run equilibrium for a given relative goods price. 
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Ox Labour 


FIGURE 1] 


the LMEL cuts it from above. As a result, 
the point F is a saddle point: there is one 
knife-edge path, indicated by the dotted line 
JJ', along which factor allocations will con- 
verge towards F. But this path is itself un- 
stable: the slightest divergence from it will 
lead to a cumulative movement away from 
F. Hence, while the condition [A] 168| <0 
does not precisely imply global instability, 
equilibria where this condition is met are 
likely in practice to be highly unstable. 

Two special cases of the general adjust- 
ment mechanism may be mentioned in 
passing. The first, where the labor force is 
assumed to be reallocated instantaneously, 
is simply the short-run capital specificity ad- 
justment process of Section I. Only points 


Capital 





FIGURE 2 
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- along the LMEL in Figures 1 and 2 are now 
admissible, and it is clear that point Æ in 
Figure | is still globally stable while point F 
in Figure 2 is now globally unstable, thus 
reinforcing the conclusions of Section I. A 
second special case is where capital goods 
are sector specific in the long run (or, more 
plausibly, “capital” in each sector is a dif- 
ferent fixed factor, for example, plant and 
machinery in the manufacturing sector X, 
and land in agriculture Y, as in Jones, 
1971b), In this case, it may be seen that no 
instability problem arises, even in Figure 2. 
We may conclude therefore that the com- 
parative static paradoxes and the associated 
problem of instability arise only when both 
capital and labor are assumed to be inter- 
sectorally mobile in the long run. 

Finally, having shown that, when the 


.. rankings of séctors by physical and value 


factor intensities differ, the economy will 
not move towards the new equilibrium pre- 
dicted by the comparative static analysis, 
one must establish where it will tend to- 
wards. In brief, the answer is either towards 
a specialized equilibrium, or towards a new 
nonspecialized equilibrium where the initial 
ranking of the sectors by value factor in- 
tensity has been reversed, so that the physi- 
cal and value rankings now coincide. To il- 
lustrate this, refer again to Figure 2. As the 
diagram is drawn, all paths other than those 
starting along the line JJ’ converge towards 
either O y or Oy, implying that the economy 
specializes in good ¥ or good X, respec- 
tively. Nevertheless, it is possible that the 
process of factor reallocation may reverse 
the value factor-intensity ranking of the sec- 
tors, in which case a new stable long-run 
equilibrium may be attained at some point 
other than F on the DEL. At such a point, 
both the KMEL and the LMEL would 
again intersect the DEL, and a local stability 
analysis similar to that of Figure 1 would be 
appropriate. However, if this reversal does 
not occur (for example, it cannot occur if 
both production functions are Cobb- 
Douglas), then the factor reallocation will 
continue until the economy specializes in 
the production of one or other good. 
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Ill. Preexisting Distortions and Stability of 
Equilibrium when Commodity Prices are Variable 


So far I have been exclusively concerned 
with a small open economy, where prices 
are parametrically given. However, the ad- 
justment processes just considered may be 
extended to examine the stability of equi- 
librium when commodity prices are vari- 
able. To investigate this, follow Jones 
(1965, 1971a) and assume that the aggregate 
demand function, in differential form, is 
given by 


(16) ¥-f- —Opy(Py ai Py) 


This may be interpreted as referring to a 
closed economy where aggregate preferences 
are homothetic, in which case the param- 
eter øp is the elasticity of substitution in 
demand. Equation (16) could alternatively 
be interpreted as a composite demand func- 
tion, representing the combined effects of 
home and foreign demand in an open 
economy which possesses some monopoly 
power in international trade. In both cases, 
assume that øp is positive. 

In addition to specifying the demand 
function (16), assume that relative com- 
modity prices move instantaneously to 
clear the commodity market at all times. 
When this assumption is made, it is shown 
in the Appendix, Section B that a necessary 
and sufficient condition for local stability is 


07) (ol! la| +o0yQy + oyQy) > 0 


where Qy = AryOxy + AxxOrx 
and Qy = AzyOxy + AxyFry 


Hence, the stability condition (assuming 
that o, is positive) is that the expression 
in parentheses in (17) be positive. This ex- 
pression, denoted by ø, has been termed by 
Jones (1965) the economy’s “aggregate 
elasticity of substitution.” Its importance 
for the comparative static results of the 
two-sector model is well known, but its 
crucial role in affecting stability does not 
appear to have been noted by previous 
writers. Note that the stability criterion for 
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the fixed-prices model of Sections I and II is 
a special case of (17), corresponding to the 
limiting value as ep tends to infinity. 

While the local stability criterion o > 0 is 
just as convenient as that for the small open- 
economy model |à | | @| > 0, the analysis 
of global stability is more complicated when 
prices are variable, since there is no guaran- 
tee that either factor-market equilibrium 
locus will slope upwards. There are now 
three configurations which the phase dia- 
gram may exhibit in the neighborhood of a 
long-run equilibrium point: (i) both loci 
may slope upwards; in this case the analysis 
of Figures | and 2 is directly applicable: the 
equilibrium will be locally stable if and only 
ifthe KMEL cuts the DEL from above and 
the LMEL cuts it from below; (ii) one locus 
may be upward sloping and the other down- 
ward sloping; in this case condition (17) is 
necessarily fulfilled and the equilibrium is 
locally stable; or (iii) both loci may be 
downward sloping; here (17) requires that 
the slope of the KMEL be greater (i.e., less 
negative) than that of the LMEL for local 
stability. Finally, as in Section II, it is quite 
possible for multiple equilibria to exist, with 
the two equilibrium loci crossing and re- 
crossing the DEL, implying a succession of 
alternately stable and unstable equilibria. 


IV. Implications of the Stability Criteria 


Evidently, the importance of obtaining 
stability conditions derives from the fact 
that they may be combined with Samuel- 
son’s Correspondence Principle (see ch. 9), 
to assert that, since all empirically interest- 
ing equilibria must be stable, long-run 
equilibria where the stability conditions do 
not hold will “almost never” be observed. 

The implications of the stability condi- 
tion || 18| > 0 for the theory of factor- 
market distortions in an open economy are 
immediately obvious: all of the compara- 
tive static paradoxes mentioned in the in- 
troduction become inconsistent with stable 
unspecialized equilibrium. However, it is 
important not to claim too much for this 
stability condition. For example, as Bhag- 
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wati and Srinivasan and others have shown, 
there is no necessary relationship between 
the reversal of physical and value factor in- 
tensities and the curvature of the distortion- 
constrained transformation curve. Hence, 
the stability condition |A] |6| > 0 does 
not imply that the transformation curve 
must be- concave to the origin in the neigh- 
borhood of an equilibrium point. Nor does 
it rule out the possibility that international 
factor price equalization may be prevented 
by the existence of factor-market distor- 
tions. Furthermore, there are a number of 
“paradoxes” which are attributable to 
factor-market distortions but which can 
occur even when the physical and value 
factor-intensity rankings are the same. 
Clearly, nothing in the present paper rules 
out the possibility of any of these paradoxes. 

Turning to the stability criterion for a 
closed economy o > 0, it is of considerable 
importance, for the aggregate elasticity of 
substitution is the key parameter in most of 
the comparative static derivations for the 
two-sector model. For example, as shown 
by Jones (1965, equation (15)), an increase 
in the aggregate capital-labor ratio will 
raise the wage rental ratio if and only if e 
is positive: our stability condition therefore 
rules out “‘capital-intensity perversities” in 
the two-sector model with homogeneous 
capital. It can also be shown (see the au- 
thor, 1976) that provided o is positive the 
conclusions of Harberger concerning factor- 
tax incidence in a closed economy and those 
of Harry G. Johnson and Peter Mieszkowski 
concerning the income distribution effect of 
unionization continue to hold in a wide 


8For example if a differential is paid by the import- 
competing sector, free trade may be inferior to no 
trade (see Batra, p. 264); if it is paid by the export sec- 
tor, an increase in the terms of trade may reduce wel- 
fare (Batra, pp. 268-70); and growth may be im- 
miserizing even when the terms of trade are constant 
and there are no impediments to trade (Batra, pp. 
272-713). As Jagdish N. Bhagwati has pointed out, 
most if not all of these paradoxes may be viewed as 
special cases of the general phenomenon of im- 
miserizing growth. 
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variety of circumstances.’ Finally, this con- 
dition may be related to the two-sector neo- 
classical growth model of Hirofumi Uzawa: 
a necessary and sufficient condition for 
uniqueness of momentary equilibrium in 
this model is that ø be positive, as Avinash 
K. Dixit and others, following Frank H. 
Hahn, have shown. The approach adopted 
here therefore draws attention to the unity 
of the two-sector framework, whether ap- 
plied to the theories of public finance, inter- 
national trade, or economic growth.” 

A rather different application of this 
stability condition is the light it throws on 
the relationship between the so-called 
Marshallian and Walrasian stability cri- 
teria. For example, in examining closed- 
economy equilibria where the aggregate 
supply schedule slopes downwards, Jones 
(1971a) assumed that its intersection with 
the aggregate demand schedule should ex- 
hibit Walrasian stability. Such an intersec- 
tion is shown at C, in Figure 3: the down- 
ward-sloping long-run supply schedule S, 

‘cuts the demand schedule D from above, 
implying that excess demand is positive for 
prices just below and negative for prices just 
above the equilibrium price p,. 

Is the stability criterion ø > 0 satisfied at 
C, in Figure 3? It is easily seen that it is not. 
For at that point, the algebraic value of the 
elasticity of the aggregate demand schedule 
is less than that of the long-run aggregate 
supply schedule, or in symbols: —op < ozs. 
Invoking the expression for the long-run 
supply elasticity derived by Jones (1965), 
this may be rewritten as 


9In discussing their principal equation, Johnson and 
Mieszkowski (p. 550) invoke stability considerations in 
order to establish the sign of the denominator (which 
may be shown to be a simple multiple of e). However 
they do not specify a dynamic adjustment process, and 
other writers on tax incidence in the presence of non- 
zero initial taxes have ignored this issue (see, for ex- 
ample, Adolf L. Vandendorpe and Ann F. Friedlaen- 
der, p. 219). 

10The parallel with growth theory is not exact how- 
ever, since I am comparing a static model exhibiting 
short-run factor specificity with a dynamic model 
where capital is instantaneously transferable between 
sectors. For studies of two-sector growth models with 
capital specificity, see Ken-Ichi Inada and Antonio 
Bosch, Andreu Mas-Colell, and Assaf Razin. 
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FIGURE 3 


18 oyQOy + oyQy 0 
eet See eee 


But, since the aggregate supply curve is 
downward sloping, the term |A] |6| is 


negative. Hence, multiplying (18) by 
JA] |8| reverses the sign of the in- 
equality: 


opl Al [O] + oyOy + ayQy < 0 


This shows that the equilibrium at C, is in- 
deed unstable in the long-run sense. For ex- 
ample, the granting of a subsidy to sector X 
shifts the long-run supply curve from S, to 
S,, implying that the new long-run equi- 
librium should be at E (note that the vari- 
ability of commodity prices does not affect 
the comparative static prediction of a per- 
verse distortion-output response in the long 
run). But the adjustment path which the 
economy actually follows involves a se- 
quence of short-run equilibria, moving 
down the demand curve in the direction of 
the double-headed arrow, and converging 
towards a new stable long-run equilibrium 
at G. At this point the long-run supply 
curve cuts the demand curve from below, 
implying that the stability condition o > 0 
is indeed fulfilled there. Hence, contrary to 
Jones, the correct criterion for the stability 
of long-run equilibrium in this model is that 
the aggregate supply and demand schedules 
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exhibit Marshallian, not Walrasian, sta- 
bility.” 

Does this mean that there is no role for 
the Walrasian stability criterion? The an- 
swer to this is no, for the model must also 
exkibit Walrasian stability, but this refers to 
the intersection of the demand curve with 
the short-run supply curve. A different 
shert-run.supply curve is implied by each 
of the adjustment mechanisms considered. 
For example, if, as in Sections II and IH, 
both capital and labor are sector specific in 
the short run but remain fully employed, 
the short-run supply curve is vertical. Al- 
ternatively, under the adjustment mechanism 
assumed in Section I, the short-run supply 
curve is upward sloping, as shown in Figure 
3. In the latter case, the effect of increasing 
the rate of subsidy in the XY sector is to shift 
the short-run supply curve to the right, 
leading to a new equilibrium at C,. But, ir- 
respective of the adjustment mechanism as- 
sumed, as factor markets move towards 
long-run equilibrium, the short-run supply 
curve shifts progressively to the right, trac- 
ing out a sequence of short-run equilibria 
where each short-run supply curve inter- 
sects the demand curve. At each of these 
intersections Walrasian stability must pre- 
vail. It should be noted that this analysis is 
perfectly consistent with the usual explana- 
tion for the difference between Marshallian 
anc Walrasian stability (see Mark Blaug, 
pp. 411-14): that the former assumes it is 
quantities which adjust out of equilibrium 
whereas the latter assigns that role to prices. 
The present paper confirms this analysis, 
and supplements it by showing that under 
the adjustment mechanisms considered 


abcve, the two stability criteria are com- ` 


plementary; since in full long-run equi- 


1! The implicit assumption made by Jones is that the 
commodity market is cleared by a tatonnement price 
adjustment mechanism, but that factor markets adjust 
completely to each suggested price announced by the 
hypothetical auctioneer. But in this bizarre situation, 
the model would be unstable whenever the aggregate 
supply schedule were downward sloping, since factor 
mar<ets would be adjusting in the face of fixed com- 
modity prices (even though no trading was actually 
taking place) and so the stability analysis of Section H 
would be appropriate. 
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librium both must hold, though the Mar- 
shallian criterion must be interpreted with 
respect to the long-run supply curve, 
whereas the Walrasian criterion is applicable 
to the short-run supply curve. 


V. Summary and Conclusion 


This paper has examined the implications 
for the theory of factor-market distortions 
of a class of dynamic adjustment mecha- 
nisms, of which the short-run capital 
specificity assumption is an interesting 
special case. It was shown that the existing 
literature requires modification in a number 
of respects: 

1) A small open economy (ie., an 
economy facing fixed commodity prices) 
can never be in a stable unspecialized equi- 
librium where one sector is relatively labor 
intensive in physical terms, but relatively 
capital intensive in value terms. This con- 
clusion rules out a number of paradoxical 
outcomes (such as a “perverse” price-out- 
put response) which have received a great 
deal of attention in the literature on factor- 
market distortions. 

2) A closed economy, or an open 
economy which has some influence over its 
terms of trade, can be in a stable un- 
specialized equilibrium where the rankings 
of the two sectors by physical and value 
factor intensities do not correspond. The 
condition for such an equilibrium to be 
stable is that Jones’ “aggregate elasticity of 
substitution” be positive. This stability con- 
dition is important since it permits us to 
sign unambiguously a great many compara- 
tive static results of the two-sector model; 
and in this case too, many paradoxical out- 
comes may be ruled out. 

3) Finally, contrary to Jones (1971a), 
when the rankings of the two sectors by 
physical and value factor intensities differ, 
the condition for the economy to be in 
stable equilibrium implies that the intersec- 
tion of the demand schedule and the long- 
run supply schedule must exhibit Walrasian 
instability. 

One final qualification to the conclusions 
of this paper must be noted. It involves 
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what might be called the Ambiguity of the 
Correspondence Principle: while the as- 
sumption of stability is a powerful tool in 
deducing comparative static results, it may 
yield different results depending on which 
particular disequilibrium adjustment mech- 
anism is assumed. Thus all of the conclu- 
sions given above are conditional on the 
particular class of adjustment mechanisms 
which has been examined. However, while 
itis not difficult to devise alternative mech- 
anisms, there is no reason to believe that 
they would imply different stability condi- 
tions.!? 

Clearly, it would be desirable to develop 
still more complicated adjustment mech- 
anisms, insofar as the objective is to model 
the actual process of adjustment towards 
long-run equilibrium in real world econo- 
mies.'? But for the present it seems reason- 
able to accept the conclusions derived from 
the adjustment mechanisms studied in this 
paper, with their attractive implication that 
the long-run predictions of the theory of 
factor-market distortions are much more 
consistent with simple economic intuition 
than has been thought. 


APPENDIX 
A 


This section derives the properties which 
must be satisfied in Figures 1 and 2 by the 
three loci, the labor-market equilibrium 
locus (LMEL) equation (la), the capital- 
market equilibrium locus (K MEL) equation 
(1b), and the distorted efficiency locus 
(DEL) equation (15). The procedure adopted 


12]t may be shown that the stability conditions of 
this paper continue to apply under alternative adjust- 
ment mechanisms, which allow for short-run labor 
market segmentation and sluggish adjustment of wage 
levels in response to excess labor supply. 

13Among the least satisfactory assumptions of the 
present model that may be mentioned are the absence 
of any explicit costs to factor reallocation, the assump- 
tion that elasticities of substitution in production are 
no greater in the long run than in the short run, and 
the lack of consideration given to monetary factors. 
Moreover, it may be questioned whether the process 
of capital reallocation can be distinguished even con- 
ceptually from that of capital accumulation. 
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is to totally differentiate each locus, and 
then to convert each to a differential func- 
tion of changes in relative commodity prices 
and factor allocations to sector X only. The 
latter is accomplished by invoking: (a) the 
price-equal-to-unit-cost equations, (2) and 
(3); (b) the relationship between the capital- 
labor ratio and the marginal product of 
capital in sector X, in differential form, 


5 a Oy pa à 
(Al) Kx- Ly =- rie — Px) 

LX 
as well as the corresponding equation for 
sector Y; and (c) the full-employment con- 


straints: equation (10) for capital, and for 
labor: 


(A2) ANixL£y + AyyLy = 0 
This procedure yields the following expres- 
sions for the three loci: 
(A3) KMEL: py — Py- A Ry +B Ly = 0 
(A4) A, = brx + Puy Ax 
oy oy Aky 
B, = fix q Suv Aux 
Oy oy Àgy 
(A5) LMEL: Px — py + A,Ky = B, Ly = 0 


and 


(A6) As ow Deg Cae Ner 
oy oy Ay 
and B, = Px 4 Ser Aux 
Ox oy Ay 
(A7) DEL: A,Ky — B,Ly = 0 
(A8) Ave ade 
oy oy Axy 
and Rats Se 


ox oy Any 


Assuming commodity prices and the dis- 
tortion parameters to be fixed, we now have 
three loci to locate in the Edgeworth- 
Bowley box, with the elasticity of each given 
by B,/A;(i = 1,3). We may note first that at 
any point of long-run equilibrium all three 
must intersect; moreover, at such a point 
the difference between their slopes will have 
the same sign as the difference between their 
elasticities. Hence, by comparing the elastici- 
ties of KMEL, LMEL, and DEL, the follow- . 
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ing relationships between the slopes of the 
three loci, at any point of long-run equi- 
librium, may be established: 


|r| sorre 


(A2) dLy 


KMEL 
dL X | DEL dL X 
dKy 
dL X | KMEL 
dKy 
DEL dL X 











LMEL 


(Al0) lallðļ<0: 


dky 


dL, >0 


LMEL 








Finally, by comparing the elasticities of 
KMEL and LMEL with the elasticities of 
rays from the two origins of the Edgeworth- 
Bowley box (the elasticity of a ray from Oy, 
expressed in terms of Ky and Ly is 1, while 
the corresponding elasticity of a ray from 
Oy is AzryAgxry/ALyàgx), the following ad- 
ditional relationships may be derived for 
any point G along KMEL and any point H 
along LM EL (not just long-run equilibrium 
points): 




















dK < dK 
All) [A] 20:2 > —* 
on) JLi hoye ALs | pii 
dKy 
S > dLy OyG 
dK dK dK 
and —% $= g iix 
dLy | oyu 7 dLy | ime ° dLy | oya 
B 


To examine local stability when com- 
modity prices are variable, equation (16) is 
equated with the economy’s aggregate 
supply function, written (in differential 
form) as a function not of relative com- 
modity prices, but of the allocations of fac- 
tors to each sector: . 


(A12) ¥ =F f z Lan oe + Oxy Ky 

= O,yLy ie OxyKy 
Using (A2) and (10) to eliminate Ly and 
Ky, this becomes 


(A13) Ñ- ¥ = B, Ly + BeRy 
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where B, = Ory + Ory Aux 


Ary 


and Bx = Oxy + Oxy DEE 
Axy 


Combining (16) and (A13) with (A3) and 
(A5) yields differential expressions for the 
two factor-market equilibrium loci which 
take into account the endogenous changes 
in relative commodity prices: 


(A14) KMEL: —-A,Ry + B,Ly = 0 


where Aa e p a p aA 
op Oy Oy Axy 
and pee 2 2i y fen, Sey Ae 
Tp ox Oy Ary 


(A15) LMEL: A,Ky — B,Ly = 0 


where A; = _ Bx, Oxx Oxy Axx 
Tp ox ay Axy 
and B, = Be 4 Sux q Oxy Aux 
‘ Op Ox oy Ary 


Taking a Taylor series approximation to 
the adjustment functions (13) and (14) 
(setting their elasticities equal to unity with- 
out loss of generality), and substituting 
from (A14) and (A15) gives the following 
matrix equation: 


DK “Ay B 
(A16) x| 4 4 
DLy A; Bi 


Ky — K$ 
Ly ~ Ly 


Since the diagonal terms are negative, a 
necessary and sufficient condition for local 
stability is that the determinant of the co- 
efficient matrix in (A16) be positive. This 
yields condition (17) in the text. 
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Optimal Rewards for Economic Regulation 


By MARTIN L. WEITZMAN* 


Suppose several production units or firms 
"must be regulated when costs and benefits 
are uncertain. Pollution might be a specific 
example, although there are many others. 
Given that firms must bear their own costs, 
the regulators want to transmit a schedule 
of revenues to each unit which in some ex- 
pected value sense elicits an optimal re- 
sponse. 

What makes this problem intriguing is 
that while benefits are typically a non- 
separable function of all the firms’ outputs, 
it seems realistic to require that the revenue 
function to be received by a given unit must 
depend in some well-defined way on its in- 
dividual actions alone. 

Two control modes often used in regula- 
tion are “prices”? and “‘quantitites.” These 
can be viewed as special cases of revenue 
functions. Prices are a linear function of 
output. Quantities might be described as a 
quadratic loss function of deviations from 
target, accompanied by a_heavy-penalty 
weight. Although these two control modes 
are frequently treated as mutually exclusive 
regulatory strategies, it is highly unlikely 
that either extreme is optimal. 

In the class of all objective functions, 
what is the best revenue schedule? This 
paper is devoted to formalizing the ques- 
tion, giving a precise answer (at least for an 
important special case), and analyzing the 
answer. Roughly speaking, in an optimal 
policy the center transmits to each firm a 
“price term” plus a weighted “quantity 
term,” the weight depending in a well-de- 
fined way on specific features of the under- 
lying situation. Such a result can be inter- 
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to dedicate this paper to my friend, colleague, and 
teacher Evsey D. Domar. He fostered my interest in 
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simultaneous presence of price and quantity directives 
in mos: planned systems. For their helpful comments, 
my thanks go to P. A. Diamond, M. Manove, J. M. 
Mirrlees, and the referee. 
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preted as providing a reasonable justification 
for regulation based on both price incentives 
and quantity targets. 


I. The Regulatory Environment 


As perhaps befits a theoretical paper, 
“regulation” is being analyzed at a rather 
high level of abstraction. The basic question 
is how to make simple rules which will in- 
duce firms to do what is best in an uncer- 
tain world. This issue is taken as the proto- 
type problem of regulation, and it is 
modeled below. 

The question why an economic activity 
must be regulated instead of being left to 
allocate itself in the market place is not 
treated directly. Possible reasons might 
range all the way from administrative or 
political considerations to one form or an- 
other of market failure. Prime examples of 
the kind of regulatory situation I have in 
mind are control of interdependent divisions 
in a large organization, and government 
regulation of externalities. In such situa- 
tions there is no natural market for the 
good, and its production must be artificially 
controlled. 

Suppose there are n firms or divisions to 
be regulated. Let x; units of commodity i be 
produced by firm or division i. In the con- 
text of an externality, say pollution, x; 
would be the level of the ith polluter’s 
abatement program holding everything else 
constant. Depending on the interpretation, 
the various components of x = (x),..., Xa) 
might represent physically distinct goods or 
they could denote amounts of the same item 
produced by different production units. 

The word “commodity” is being used in 
an abstract sense and really could pertain to 
just about any kind of good from pure water 
to military hardware. For the sake of pre- 
serving a unified notation we follow the 
standard convention of treating goods as 
desirable. Rather than talking about air 
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pollution, for example, I instead deal with 
its negative—clean air. 

For a firm to produce output requires the 
outlay of a corresponding cost. An essential 
feature of the regulatory environment I am 
trying to describe is uncertainty about the 
exact specification of each firm’s cost func- 
tion. In most cases even the managers and 
engineers most closely associated with pro- 
duction would be unable to precisely specify 
beforehand the cheapest way of generating 
various hypothetical output levels. Because 
they are yet further removed from the pro- 
duction process, the regulators are likely to 
be vaguer still about a firm’s cost function. 
This observation acquires additional force 
in a fast moving world where deception may 
be involved or where knowledge of par- 
ticular circumstances of time and place may 
be required. 

Generally speaking, there is no way the 
regulators can know beforehand exactly 
what it will cost to achieve a certain output 
level. Estimates can be made and the degree 
of fuzziness could be reduced by investiga- 
tion and research. But it could never be 
eliminated completely because new sources 
of uncertainty are arising all the time. The 
true costs will only be known when produc- 
tion is actually underway. 

In mathematical language, the regulators 
perceive the cost function of firm i as an 
estimate or approximation, written 


(1) Ci (xi; €:) 


In the above formulation e; is a disturbance 
term, stochastic element, or random variable 
representing a state of the world unobserved 
and unknown at the present time. During 
the course of plan implementation, e; will 
eventually make itself known to firm į, and 
perhaps also to the regulators. But at the 
moment when an operational plan must be 
decided for the forthcoming period, the 
regulators’ knowledge of «e; can be repre- 
sented only by a probability distribution. 
The benefit function too is presumably 
discernable only tolerably well, say as 


(2) B(x; ô) 


with 6 a vector of random variables having 
some probability distribution. The money 
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value of various commodity output levels 
may be uncertain because it is imperfectly 
known or because authentic randomness 
(like the weather) is present. 

It is assumed that C; is strictly convex in 
x; for each ¢, and B is strictly concave in x 
for each 6. All cost and benefit functions are 
presumed to be smoothly differentiable. 


H. A Problem in Regulation 


There is another important feature of 
cost functions that goes along with the un- 
certainty. Not only are costs unknown, but 
it is typically difficult and expensive to find 
out what they are. Sometimes economists 
and others share an overtendency to con- 
ceptualize regulation as a process of con- 
tinual fine tuning. A certain strategy is 
adopted, then marginal costs and marginal 
benefits are observed. If they are not equal, 
the fees, standards, or other parameters are 
smoothly adjusted until an optimum is ob- 
tained. 

However, this is an inappropriate way of 
viewing the problem. In order to be given a 
chance to work, a regulatory strategy must 
be left in place for an extended period after 
it has been adopted. If a firm anticipates 
the regulations are going to change in the 
near future, it is not going to take very 
seriously compliance with them now. This 
does not mean that regulations, once for- 
mulated, must be immutable for all time. It 
is just that they must remain in force long 
enough to be believable. 

Another, perhaps more serious, reason 
that the fine tuning model may be irrelevant 


is that most production activity involves . : 


investment. The investment may be in re- 
search, development, reorganization, new 
equipment, learning by doing, etc. True 
costs will not become known until the in- 
vestments are actually made. Whatever its 
form, such investment takes time and it is 
largely irreversible. Once made, it cannot be 
easily or costlessly taken back, nor can the 
knowledge gained be effortlessly transferred 
to other situations. This means that there 
are costs to adjusting regulations, and they 
are likely to be substantial. 

A basic principle of regulation is that the 
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regulators are forced to make decisions in 
an uncertain environment and they must 
live with the consequences for: some time. 
Among these consequences is the possi- 
bility that costs borne by some firms will 
turn out to be higher or lower than was ex- 
pected. A good regulatory strategy will take 
advantage of this by instituting a reward 
structure which automatically encourages 
the cheap firm to produce more and the ex- 
pensive firm less. In our formulation, 
regulators are confined to a strategy of in- 
direct control by judiciously selecting rev- 
enue functions in advance for each firm. 

Now, in a certain sense the ideal revenue 
function for any firm is the entire expected 
benefits function, plus or minus some con- 
stant. Assuming away the game-theoretic 
problems having to do with bluffing, 
threatening, etc., a Nash-type equilibrium 
might conceivably emerge where each firm 
would have the incentive to set its marginal 
cost equal to its marginal benefit after all 
uncertainty had been eliminated and every 
firm knew what every other firm was doing. 

The trouble with this sort of approach is 
that benefits are typically a nonseparable 
function of all the firms’ outputs, whereas 
a particular firm has control only over its 
own output. It seems like a relevant ab- 
straction to insist that a regulatory agency 
cannot reward or penalize a firm in what 
might be viewed as an arbitrary or capri- 
cious manner. Asking a firm to bear the 
extra risk involved in adopting a revenue 
schedule depending on uncertain variables 
not under its control may be infeasible or 
unacceptable. Some of the reasons for this 
have just been cited in downplaying the 
relevance of the fine tuning model. In addi- 
tion, such a schedule may simply be too 
complicated to handle. 

That revenue functions should depend 
only upon individual actions is a strong 
assumption (for example, it rules out profit- 
sharing incentive schemes), but I think it is 
appropriate to the kind of regulatory en- 
vironment I have described. In this paper I 
take as a point of departure a scenario 
where firms pay their own costs and the 
state sets revenue functions for each firm 

_ which depend only on that firm’s output. 
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Il. A Formulation of the Basic Problem 


A revenue function R,(x;) is a schedule of 
monetary payments received by firm i as a 
function of its output. For example, if a 
price p; is paid for the output of firm i, the 
corresponding revenue function is 


(3) R(x;) = Dix; 


Or, if it is the intention of the planners to 
set a quota %,, they might specify the fol- 
lowing revenue function: 


(4) Ris) = SB ~ 8) 


where q; is a large number. 

It is important to realize that the process 
of profit maximization causes every revenue 
function to generate some output response. 
The response depends on the revenue func- 
tion R;( ) and the state of the world «. For 
a given R;( ) and ¢,, firm / will set its out- 
put x, at that level which maximizes profits, 
implicitly solving the equation 
(5) max R,(x;) — C,(%;; 6) 

x;20 

Equation (5) should not be interpreted 
too literally as saying that the firm knows 
the exact value of ¢; with certainty (at the 
same time the regulator knows only the 
probability distribution of «). In the sce- 
nario I have in mind, when a revenue func- 
tion is instituted for a sufficiently long pe- 
riod the firm will eventually grope its way 
to a profit-maximizing output, presumably 
by trial and error testing of the relevant 
alternatives. This is quite a different inter- 
pretation from having the cost function 
known a priori. 

Without any significant loss of generality 
in the problem to be posed, we limit atten- 
tion to revenue functions which generate 
unique output responses. That is, the solu- 
tion of (5) is some response function 


(6) x, = G(R he) 
satisfying for all possible « the condition 


(7) RAGARA a) — CGR ha) €) 
= TAR Ri) — Ci; é) 


Xiz 
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Note that changing a revenue function by 
adding or subtracting any constant cash 
payment does not alter the corresponding 
response (aside from the issue of setting 
such a low payment that the firm is forced 
out of business altogether). At least in a 
rough way, this might be interpreted as pro- 
viding some justification for studying the 
allocative effects of a revenue function 
apart from the distributive consequences. 

In the framework adopted here, the 
planners are at a point where as much in- 
formation as is feasible to gather has al- 
ready been obtained. An operational plan 
must now be decided on the basis of the 
available current knowledge, summarized 
by (1) and (2). Because it will force long- 
term resource commitments (like capital 
investments), any incentive scheme has 
serious consequences which continue for 
some time and cannot easily be reversed. 
This is an essential feature of the regulatory 
environment very prominent, for example, 
in the case of pollution. A regulatory 
agency must resign itself to naming in ad- 
vance revenue functions {R;( )} and living 
with the outcome even though it does not 
presently know the values of {e,} or ô. 

Through the output response (6) which 
they induce, reward functions {R;( }} yield 
the expected differences in benefits and 
costs 


(8) BURC J) = E [BUGARA ),€)}38) 


fej},8 


- $ CAGAR Jee 


A set of optimal revenues {R¥( )} is any 
collection of functions which maximize (8). 
In other words, via the output response 
generated by them, optimal revenue func- 
tions maximize expected benefits minus 
costs. This can formally be written! 


(9) REC ) = a ERC )}) 


'The maximization is over the class of all possible 
reward functions yielding response functions. It is 
not difficult to prescribe conditions which ensure the 
existence of a solution to (9). 
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The above problem shares certain fea-’ 
tures of the more general structure analyzed 
in the theory of teams. Indeed, one of the 
more significant results of team theory will 
be used in proving the basic theorem of this 
paper. 

Note that (9) is easy to solve when the 
benefit function is additively separable in 
the output of each firm. Then the optimal 
revenue function for a firm is just its part 
of expected benefits. The interesting case is 
where the benefit function is not separable. 


IV. Optimal Revenue Functions 


The remainder of this paper is devoted to 
characterizing the form of an optimal rev- 
enue function and explaining its depen- 
dence on various factors. Under the most 
general circumstances this appears to be a 
very intricate task. Fortunately a complete 
characterization is possible for an impor- 
tant special case. 

Optimal revenue functions generate a 
range of output responses as the uncer- 
tainty varies. From now on it will be as- 
sumed that within this output range mar- 
ginal costs and marginal benefits can be 
accurately approximated by linear forms. 

A linear approximation might be ration- 
alized on one of two grounds, The amount 
of uncertainty could be small enough to 
keep the range of output responses suffi- 
ciently limited to justify a first-order ap- 
proximation. Or, it might just happen that 
total cost and benefit functions are almost 
quadratic to begin with. At any rate, the 
possibility of sharply characterizing an 
optimal solution makes the linear case a 
natural preliminary to any more general 
analysis. 

Consider for a moment the problem of 
finding an optimal set of quotas or targets 
$ = (%,,...,%,). The optimal quota maxi- 
mizes expected benefits minus expected 
costs, so that 
(10) i [sea =E Ce 

fel 


tji. 


max ÈE 
x  fehô 


[Bed - Ż cese 
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Presuming it is interior, the solution of (10) 
satisfies the first-order condition 


(11) p; = E B(R;6) = E Ci (X55 €) 
, ô & 


where p; is the expected marginal benefit 
equals marginal cost of the ith commodity 
evaluated at the optimal quota? 

‘Under the linearity assumption, the mar- 
ginal cost of the ith producer can be written 


(12) Cis) = pi + vile; 2) + & 
i= l,...,n 


while the marginal benefit of commodity i 
can be expressed as 


(13) Bi(x38) = p, — z bil; — 2) + ô; 
i= |,...,n 

where, without loss of generality, 

(14) Ed, = Ee, = 0 


The various ô; are just components of ô. 

In order to obtain sharp results, a further 
regularity assumption on the probability 
distributions is needed. The conditional 
expectation of ¢ given « is presumed pro- 
portional to ¢,. Likewise for the expected 
value of ô; conditional on e,;. That is, 


i= 1,...,” 


(15) Ee f6; = URG i= 1,...,7 

E6;/e; = néi j= 1,...,7 
for some coefficients 16,;}, {n}. Naturally 
bi = 1. 


Condition (15) could be justified as a 
first-order approximation holding for small 
uncertainties. It would also be a conse- 
quence of a joint normal distribution in 
fe} and {6,}. All independent probability 
distributions (6,, = 0, j = i) automatically 
satisfy (15). 

Note that 

hji = OF Oi Ni = o/a 
where o} = Eee, So = Eeði 


2All the {p;} are identical when the various com- 
modities represent the same item produced by differ- 
ent production units. 
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The basic result of the present paper is 
summarized by the following: 


THEOREM: Under the assumptions (12)- 
(15), the optimal reward function for unit i 
can be expressed in the form 


(16) RFC) = pixi 


~ 1 (x; — %,)? + constant 


The {q;} are coefficients satisfying} the 
equations (linear in {1/q; + ;}) 


an g Fat 
Jel Gt Y; 


Yi 


+7, = l- — 
i Git Yi 


V. Analysis of an Optimal Reward 


Equation (16) means that aside from the 
arbitrary constant, an optimal reward’ func- 
tion can be decomposed into two compo- 
nents. 

The first term 


(18) Piši 


is the traditional price signal. If p; accu- 
rately represented the marginal benefit of 
commodity i, using (18) as a reward func- 
tion would automatically induce firm i to 
produce at that output level where mar- 
ginal benefit equals marginal cost. The ap- 
parent guarantee of social efficiency is what 
makes the use of prices as a regulatory de- 
vice so attractive to the economist. Unfor- 
tunately for this idea, the marginal benefit 
of commodity i cannot be reduced to a 
single number which is precisely known 
beforehand. 


3It is assumed that (17) has a solution and that 
{g; + y; are positive. The latter condition is needed 
to guarantee that the problem of maximizing revenues 
(16) minus costs has a meaningful solution for each 
firm. Although it seems hard to prove a very broad 
sufficiency theorem, playing with lots of examples 
has convinced me that the condition holds for most 
cases of economic interest. A sufficiency theorem 
can be proved when firms are close to being symmetric 
with each other or as the uncertainties are not too far 
from being independently distributed. 
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The second component of (16), 


(19) HF i - 80? 


is a quadratic penalty for departures from 
the target x, Were x, in fact the socially 
optimal output of commodity i, the center 
could do no better than transmitting (19) as 
a revenue function, with q; arbitrarily large 
(which is equivalent to setting £; as a stan- 
dard). The seeming ability to directly fix 
economic activity at the socially desirable 
level is what makes the quota appealing as a 
regulatory device, especially to the general 
public. Alas, the regulators don’t know 
exactly what output levels are socially op- 
timal to begin with. 

The basic result of this paper argues that 
in economic planning situations prices and 
quotas are not redundant or inconsistent 
messages. In fact, a “mixed? price-quota 
system is the optimal reward. The coeffi- 
cient q; determines the composition of the 
mix. With q; = 0, (16) becomes a pure 
price signal; when q; = «, (16) is made into 
a complete quota system.’ 

All this strongly suggests that a regula- 
tory strategy based on both price incentives 
and quantity targets, far from being a con- 
tradiction, is actually optimal in a world of 
uncertainty. Such a principle has been intui- 
tively sensed, I believe, by practical plan- 
ners. Of course the revenue function is 
usually not formalized as it is in (16). In- 
stead there is typically some vaguely am- 
biguous policy of rewarding output while 
simultaneously discouraging deviations 
from a target. Taking advantage of the 
theorist’s inherent right of simplification, 
I would suggest that (16) is not a bad trans- 
lation of such a policy. 

A result like (16) provides at least a par- 
tial resolution of the environmental eco- 
nomics debate between the use of effluent 
charges and the use of effluent standards. It 
also offers some justification for mixed 
price and quantity controls within a large, 
divisionalized organization. 


4The comparative advantage of these two extreme 
regulatory modes was analyzed in my 1974 article. 
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Note that the optimal reward function 
does not promise social optimality or effi- 
ciency ex post, after {e,} and {6,} take on 
specific values. The concept of ex post social 
optimality is too strong to require, given 
the informational constraints being im- 
posed. The relevant issue is which reward 
function comes closest to inducing a social 
optimum in some average sense. 

A simple description explains how {2;} 
and { p,} are determined. They are just the 
optimal outputs and their marginal values 
obtained when the center, suppressing all 
uncertainty, maximizes the difference be- 
tween the “representative” benefit function 


b(x) = E B(x;8) 


and the sum of “representative” cost func- 
tions 


e(x;) = E CAX;3 6;) 


The determination of the penalty weights 
{q,} is slightly more complicated to explain. 
Differentiating (16) and setting the resulting 
expression equal to (12) yields the response 
function 





20 xie) = X; — ĉi 
(20) (e) = Xi EA 


Suppose e; = 1. This lowers the output of 
x; by 1/(q; + Y;) units, causing a net in- 
crease of 


(21) ee a 
qi + Yi 


dollars in the marginal cost of firm i. By 
(15), 6, is expected to be 7; dollars above 
average while e; is expected to be 6,; dollars 
above its mean. From (15) and (20), firm j 
can be expected to curtail output by 
6;:/(4; + y;) units. Using (13), the mar- 
ginal benefit of commodity i is expected to 
increase by 


(22) joe 
jet Qi + Yj 


dollars. Equating the increase in marginal 
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costs (21) with the expected increase in mar- 
ginal benefits (22) yields condition (17). 

On what things do the coefficients {q;} 
depend? To strengthen cur intuitive feeling 
for the meaning of equation (17), let us 
turn first to a special case which can serve 
as a point of departure. 

Suppost that all the uncertainties are in- 
dependent, so that 
(23) 6;,= 9 

n= 0 


forj æi 


In this case equation (17) reduces to 
(24) qi = By 


Under (23) the optimal penalty coefficient 
for a commodity is just the curvature of the 
benefit function in that commodity. With 
independent uncertainties firm i should be 
given as a reward that part of expected 
benefits which remains as a function of its 
output when the outputs of all other firms 
i(j = i) have been parametrically fixed at 
%;. This interpretation comes from examin- 
ing (13), (16), and (24). 

The greater the curvature in benefits, the 
more significant is the weight of the quan- 
tity term (19) in the reward function mix 
(16). If marginal benefits decrease rapidly 
around the optimal quota, there is a high 
degree of risk aversion and the center can- 
not afford being even slightly off the mark. 
Relying too much on the price mode is risky 
because a miscalculation results in under or 
overshooting the target, with detrimental 
consequences. In such a situation the quan- 
tity mode scores a lot of points because a 
high premium is put on the rigid output 
controllability which only it can provide 
under uncertainty. 

On the other hand, the weight of the 
quantity term is lessened when benefits are 
closer to being linear. In that case it would 
be foolish to place too much emphasis on 
targets. Since expected marginal social 
benefit is approximately constant over some 
range, a superior policy comes closer to 
naming it as a price and letting the producer 
find the optimal output level himself after 
eliminating the uncertainty from costs. 
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Returning to the more general case, when 
(23) does not hold q; will tend to exceed 6,,. 
Generally speaking, the penalty coefficients 
{g;} become more significant as the inter- 
dependence coefficients {6,} and {n,} in- 
crease. 

The reason for this is easy to understand. 
A positive f; means that when the mar- 
ginal costs of firm i are low, so are those of 
firm j. Whenever firm i is increasing output 
because its costs are low, firm j is doing 
likewise. Compared with a situation of in- 
dependent marginal costs, more damping 
should be introduced; this would stabilize 
welfare decreasing over and underreactions 
in aggregate output responses. 

Something analogous happens in the 
case of positive 7;. Producers will cut back 
output for higher marginal costs, but this 
cutback should be dampened when there 
tends to be a simultaneous increase in mar- 
ginal benefits. In such situations a greater 
weight for the quantity mode is appropriate 
because that mode has better properties as a 
stabilizer. The story is the other way round 
when 7, is negative. 

The coefficient f; is a measure of the 
degree of complementarity between com- 
modities i and j. When it is higher, more 
stabilizing is desirable to keep commodities 
i and j closer to their appropriate propor- 
tions. When it is lower, less weight is needed 
on individual quantity terms because greater 
substitutability is possible. 

An instructive illustration of what the 
quantity weights depend on is provided by 
the special regularized case of perfect sym- 
metry: 


Yi Sy n= 7 

6, = 1 By = B 

64; = p ix By = pb if] 
In this case (17) yields 


ny + 8 + (n — ubp 


q=q = a 


The quantity weight q increases in B, p, n, 
and u, verifying our previous discussions. 
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VI. Proof of the Main Proposition 


Consider the problem of finding a set of 
optimal response functions {x,(e,} in an 
information structure where firm i observes 
only «e; and controls only x;. The “objective 
function” is the expected difference between 
benefits and costs. The problem is to maxi- 
mize over {x,(e;)} the function 


(25) yix) = 
a. [ ({x,(€;)};5) — È Caec] 


Since by assumption (6) any revenue func- 
tion generates a response function, the solu- 
tion to the above problem yields at least as 
high a value of the objective function as the 
solution to problem (9). 

Now it turns out that finding optimal re- 
sponse functions in the present framework 
is an example of a classical problem in the 
theory of teams, whose solution’? is given 
by (20) with the definition (17). Because the 
general result is typically presented in a 
somewhat different framework and may be 
difficult to follow, I will sketch a proof for 
the case treated here. 

For simplicity, assume discrete distribu- 
tions. Let ¢,, be a value which «e; takes on 
with positive probability. Let x; = x,(é;,) 
be the output response of firm i when «€; = 
€x- It is not difficult to show that ¥( ) in 
(25) is a concave differentiable function of 
the variables {x,,} over which it is being 
maximized (this derives essentially from the 
concavity-differentiability of the benefit 
minus cost function and the concavity- 
differentiability preserving properties of an 
expected value operator). Hence the ap- 
propriate first-order conditions are neces- 
sary and sufficient for an optimum, 


5See Jacob Marshak and Roy Radner, Theorem 5, 
p. 168. Matching up my notation with theirs is a bit 
messy, and it seemed better to omit the details, which 
the interested reader should be able to supply. I am 
indebted to Kenneth J. Arrow for pointing out to me 
that my characterization of optimal response func- 
tions is really a special case of Radner’s result. 
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From (12), the marginal expected cost 
of x, given €, = €;, is 


(26) E EB 


ax, «| = Pi + YlXu — X) + én 





From (13), the marginal expected benefit 
of xa given e; = egis 


al = 


Pi — È B (E(x; | ezl — 2) + E[6; | ea] 


3B 
(27) Hoe 





Equating (27) with (26) yields the first- 
order condition 
(28) - 2 8 (ELx; | enl — 2) + Ell exl 
je 
= (Xin — Xi) + En 


We must verify that the solution pro- 
posed in (20) satisfies (28). Therefore, for 
x; substitute 








(29) xj = &,- — 

J J qj + Yj 
and for x, substitute 
(30) xa Rp oe 

5 qi + Yi 


Plugging (29) and (30) into (28) yields 
z By Ele | Eir] 


+ E[ô 
q+ (8, | eu] 


jel 


ie 
= E E 


qi + Yi 
Using (15), the above expression becomes 


nf Baby yi 
31 u {AL + = e[l — ——! 
( ) ‘Ng + Yj i t qi + Yi 


Equation (31) will hold for all possible 
cx if the {q;} are defined by (17). Thus, ex- 
pression (20) is indeed the optimal response 
function. 

The remainder of the proof consists of 
verifying that under cost assumption (12), 





“ 
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the revenue function (16) generates® the 
response function (20). 


6Recall I am assuming the fq; + y;} satisfying (17) 
to be positive. If the solution to (17) yields a negative 
value of g;+ y; for some i, there will still exist an 
optimal response function (in a team theory sense), 
given by (20). Unfortunately, there is no way to induce 
firm i to follow this rule by naming a corresponding 
revenue function. The problem is that with a negative 
q; + Yi (20) dictates that the firm should produce more 
when its costs are higher. This kind of seemingly 
perverse behavior might be optimal if, for example, 
whenever the costs of firm / are high, the costs of other 
firms are much higher still. But no revenue function 
can elicit such a perverse response from firm i. The 


WEITZMAN: OPTIMAL REWARDS 691 


REFERENCES 


Jacob Marshak and Roy Radner, Economic 
Theory of Teams, New Haven 1972. 

M. L. Weitzman, “Prices vs. Quantities,” 
Rey. Econ. Stud., Oct. 1974, 41, 477-91. 





regulators would have to rely on moral suasion or 
some other means, The team theory approach would 
make no distinction between positive and negative 
q; +.7;- But the reliance on revenue functions to elicit 
proper behavior requires that q; + y; be positive for all 
firms, at least for the theorem proved here. 


Security Price Changes and Transaction Volumes: 
Additional Evidence 


By Mark HANNA* 


In a recent issue of this Review, Thomas 
W. Epps reported that volume relative to 
price change was generally greater on up- 
ticks than downticks for successive bond 
transactions (i.e., that V*+/P* > V-/P, 
where V+ and V- are volume on upticks 
and downticks, respectively, and P+ and P- 
are price changes on upticks and downticks, 
respectively). Although his test incorpo- 
rated a large number of observations for 
each of twenty bonds, it was limited to a 
single month whose uniqueness may have 
seriously biased his findings. With respect 
to price changes, the month used was 
unique. To test for possible distortions 
stemming therefrom, this comment incor- 
porates the results of replicating his study 
using a month whose primary characteristic 
is diametrically opposed to that Epps used. 
In addition, components of Epps’ ratio 
(volume/price change) are examined sep- 
arately for the possibility of overwhelming 
dominance by one component as the ex- 
planation of differences in ratio behavior 
on upticks vis-a-vis downticks. 

Epps’ results are summarized under 
“January” in Table 1: sixteen of the twenty 
bonds in his sample supported his theoreti- 
cal construct. His thesis is supported by a 
negative “z” statistic using a Wilcoxon test. 
Moreover, Fisher’s test of combined results 
indicates that the probability of obtaining 
such negative outcomes by chance was less 
than .031. I have precisely replicated his 
study using the same month, January 1971 
(JAN), and my findings confirm his JAN 
findings.! 

Epps does not comment upon the month 
he uses other than to identify it. But JAN 
saw one of the sharpest price upswings of 


*Professor of finance, Un:versity of Georgia. I wish 
to thank Charles C. Kidd for his valuable assistance. 

ì The data source was also the same, namely F. E. 
Fitch. 
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recent history. A decline of fifty basis points 
in the interest rate of new issues of Aaa 
corporate bonds was the fourth greatest 
monthly decline of the last decade or so 
(1964-76).? Expressed in relative terms 
(change in basis points/ interest rate), it was 
the fifth greatest monthly decline in interest 
rates. Clearly, the sample month was not a 
typical month. Jf sharply rising prices bias 
Epps’ results, his study would be subject to 
strong bias. 

To assess the possibility of bias from this 
cause, I have replicated Epps’ study in a 
month of sharply declining bond prices. 
May 1971 (MAY) saw a rise of forty-nine 
basis points in yield, the second greatest 
rise of the 1964-76 period. The greatest 
monthly rise was fifty-nine basis points in 
July 1974, However, proportionately MAY 
saw the greatest rise in interest rates? MAY 
is an especially appropriate month for test- 
ing whether Epps’ results were influenced 
by price trend—not only because it had the 
opposite price trend from JAN, but also be- 
cause of its proximity to JAN. Proximity is 
desirable because it tends to hold the re- 
spective maturities of the component bonds 
constant.* 

The findings for MAY are also presented 
in Table 1. Sixteen of the bonds supported 
Epps’ contention with respect to sign and 
four contradicted it. In number, this find- 


2See the Treasury Bulletin, pp. 81-82. 

3In MAY the twenty bonds did not evince the 
uniformity of trend found in JAN. While in JAN all 
the bonds were up in price, in MAY three of the bonds 
countered the general downtrend. Each bond in JAN 
saw more up days than down days; in MAY, while the 
bulk had more down days than up days, there were 
three with more up days. Still, overall, MAY unques- 
tionably qualifies as a month of substantial downtrend 
in prices. 

4Not all the bonds are long term. Fourteen mature 
beyond 1992 but six mature(d) prior to 1978. Hence, 
the use of an index of long-term yields to identify 
large price swings is not entirely appropriate. 
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TABLE 1—z STATISTICS FROM WILCOXON TESTS OF THE DIFFERENCE IN 
CENTERING BETWEEN THE DISTRIBUTION OF V*+/P* anb V~/P7 


Bond 


Chrysler Corp. 8 7/8s95 
Chase Manhattan 4 7/8cv93 
Commonwealth Ed. 8 3/4s75 
Dow Chemical 8 7/8s2000 
Ford Motor Co. 8 1/4s74 


Ford Motor Credit 8 3/4s75 
G. M. A. C. 8 3/4877 
Standard Oil of N. J. 6s97 
J. C. Penney 8 7/8s95 

Nat’l. Cash Register 6cv95 


N. J. Bell T. 9.35810 

New Eng. T. & T. 8 5/8809 
Sears Roebuck 8 1/8s76 

S. Central Bell 8 1/4804 
Santa Fe Ind. 6 1/4cv98 


Signal Companies 8.85394 
Standard Oil of Ind. 6398 
Swestern. Bell T. 8 3/4s07 
A. T. & T. 8 3/4s2000 
Union Oil of Cal. 8 1/4876 


Wilcoxon z Statistics? 


JANUARY MAY 
-550 1.612 
— 427 — 1.379 
1.852 — 1.135 
486 —2.164 

— .647 — .166 
— .632 — .257 
—1.917 — .880 
— .158 — 1.181 
553 — .143 

— 1.885 — .665 
— 566 — .831 
— .790 .296 
— .766 —. 868 
— .277 —1.012 
— 1.272 .328 
— 312 — 2.000 
— .383 — .809 
— .184 — 547 
—2.513 — 1.021 
— .178 .301 


Sources: z statistics for JAN were taken from Epps (1975, Table 1, p. 595). Original 
data for MAY were taken from Fitch, as were data for JAN. MAY z statistics were 


calculated by the author. 


aNoncumulative volume specification is used which is explained in fn. 8. 


ing coincides exactly with Epps’ for JAN. 
(The cast of the four with wrong signs, how- 
ever, changes, with only Chrysler having 
wrong signs in both studies.) While the 
total number of negative z statistics was the 
same fcr both months, their distribution in- 
dicated even more statistical significance in 
support of Epps in MAY (Fisher’s test 
alpha = .0142) than in JAN (alpha = .031).* 
-Therefore, one must conclude that the 
choice of JAN did not bias Epps’ findings. 

The possible dominance by one of the 
two components in Epps’ ratio is examined 
next. In the discussion that follows: 


Rt = V*/P*, while R- = V-/P- 
R+ = V+/P*, while R- = V-/P- 
with a tar signifying the mean. 
While Epps warns that the Wilcoxon test 
is based on the whole distribution of Rt 


vis-a-vis R- for a particular bond, the use of 
simple averages may be fruitful in gaining 


= 


insights into the relative importance of the 
components of the ratios as determinants of 
the z statistic’s sign. If the average is a suit- 
able proxy for the distribution (a likelihood 
strengthened by the fact that in the Wil- 
coxon test absolute size of observed ratios 
is subjected to a relative size (ranking) 
transposition), then a bond whose R*+ > R- 
would be expected to evince a negative z 
statistic based on a Wilcoxon whole dis- 
tribution test. Likewise, if R+ < R`, we 
would expect a positive z. And, in fact, 
when JAN and MAY are aggregated, the 
R+, R- relationship for the individual 
bonds was consistent with the respective 
actual z by a 33-7 margin (82.5 percent 
agreement). Since actual z statistics are 
predominantly negative (32-8), such a large 


5Clearly R+ = V+/P+ # (Vt/P*) but it is desir- 
able to use the former for R+ since V+ is to be com- 
pared to V- (and P+ to P—) in the next step. 
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margin of sign consistency means that for 
the most part the R+, R`- relationship is 
generally consistent with a negative z. And, 
in fact, this is the case by a 25-15 margin. A 
distribution as extreme as this one is hardly 
likely to occur by chance (less than 7.7 per- 
cent of the time for a binomial distribution 
where the expected signs were distributed 
50-50). Thus, averages reflect the same 
negative z tendency as found using the 
whole distributions. Averages serve as suit- 
able, though hardly perfect, proxies for the 
-whole distributions. In a parallel manner, 
averages will now be used in analyzing the 
components of the Rs. 

For a particular bond where. V+ > V~, 
we would expect a negative z: for the mag- 
nitudes of R+ and R- would vary with their 
numerators. Likewise where P+ < P- for 
the ratios would vary inversely with their 
denominators. Examining these component 
relationships separately, we find the V+, 
V- relationship consistent with negative z 
statistics by a margin of 25-15 (significant 
at alpha .077 while the P+, P~ relationship 
is only consistent by a 22-18 margin (not 
even significant at the .31 level). 

The dominating role of the V relationship 
over that of P is emphasized by noting the 
subperiods separately. In MAY P* is ex- 
ceeded by P- by a 14-6 margin (significant 
at a = .0577), strongly consistent with a 
negative z. But this consistency is explained 
by the fact that prices trended down in 
MAY. In such periods we expect the size of 
average upticks to be exceeded by the aver- 
age for downticks.® In JAN the relation- 
ship reverses as prices rise: Pt > P- by a 
12-8 margin, on balance consistent with a 
positive z. Clearly, any importance of the P 
relationship as a determinant, of a negative z 
tendency depends on market trend and not 
on a general tendency inherent in the P+, P7 
relationship. 

The V relationship, on the other hand, re- 
mains consistent with a negative z regard- 
less of price trend; by a 13-7 margin in JAN 


6In downtrends, downticks tend to exceed upticks in 
number and size. For the typical bond, in JAN upticks 
prevailed (53.4 percent); in MAY, downticks (52.3 
percent). 
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and 12-8 in MAY. Thus, the V relationship 
is the dominant determinant of the negative ` 
z statistic; V+ tends to exceed V- in de- 
clining as well as rising price periods.’ 

In conclusion, rather than there being > 
bias in favor of Epps’ thesis because of the ° 
sharp uptrend in price during January, the 
bias from price trend was, in fact, in the 
opposite direction. The tendency for the 
size of upticks to exceed that of downticks 
(P* to exceed P-) in uptrends, and there- 
fore for the price behavior tendency to 
cause V*/P* to be less than V~/P-, is a į 
bias that must be overcome in order for | 
Epps’ thesis to be fulfilled. But that Epps’ 
thesis was generally supported even in an ‘ 
uptrend month, where there is a bias against _ 
such a finding due to price trend, em- ` 
phasizes that the chief determinant of the 
ratio relationship is volume behavior. For 
the tendency of volume to pick up on up- * 
ticks and dry up on downticks in both rising « 
and falling markets was sufficiently strong ` 
to overcome a strong contrary bias stem- ` 
ming from price in the month of rising 
prices.* This dominance of the influence of.. 
voiume on the ratio may call for modifica-:' 
tion in Epps’ model, but otherwise this ex- 
tension of Epps’ empirical work supports 
his findings. 


7Bond-by-bond details of the components’ ‘“‘con- 
sistency” tests are available upon request. 

8In addition to the above tests, daily volume and 
changes in price between days instead of between ° 
transactions were examined to see if the same ten: 
dency existed from day to day as Epps found from 
trade to trade, Epps’ noncumulative volume model 
was used, meaning trades within a day of price change 
are cumulated but additional days at the same closing. 
price are ignored. In JAN ten bonds were consistent ' 
with Epps’ thesis, nine contrary, and one with a z of’ 
zero. In MAY eleven were consistent (zs were nega- 
tive), eight contrary, and one had too few observa- 
tions to be tested meaningfully. These distributions 
differ hardly at all from chance ones. Moreover, there ` 
is practically no correlation within each month be- 
tween the z based on continuous trades and that based 
on daily intervals (—.15 and —.10, respectively). 
Clearly, the tendency Epps found concerning con- 
tinuous trades within a single month is not confirmed 
using daily (aggregated) data. However, limitation 
of observations to the number of trading days per 
month inherent in this test precludes drawing conclu- 
sions about longer-run ‘tendencies. Epps, in another 
paper (1977), found that daily price-volume data for , 
common stocks exhibit his predicted characteristics. = 
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Security Price Changes and Transaction Volumes: 
Comment 


By MEIR I. SCHNELLER* 


In a recent issue of this Review, Thomas 
W. Epps attempted to provide a theoretical 
framework which would explain “a familiar 
Wall Street adage ... that transaction vol- 
ume (the number of shares traded) tends to 
be relatively high in bull markets and low in 
bear markets ... such a theoretical frame- 
work can be constructed from a fairly 
broad set of portfolio-selection models...” 
(p. 586). The portfolio-selection model 
which was used by Epps observes a market 
divided between bullish and bearish in- 
vestors, all of whom are mean-variance 
decision makers. In this note I show that 
Epps’ assumptions are inconsistent with 
those of the mean-variance model. Further- 
more, it is shown that even if we accept the 
mean-variance framework as a working as- 
sumption, the results claimed by Epps are 
incorrect. 

It has long been maintained! that the 
mean-variance portfolio-selection model is 
valid only if one of the following conditions 
is satisfied: 1) that the distributions under 
consideration are normal; or 2) that inves- 
tors are characterized by quadratic utility 
functions. Epps’ assumptions contradict 
both of these conditions: his prospects are 
lognormally distributed while the utility 
functions that he assigns to his investors 
cannot be quadratic. The reason is that the 
quadratic utility function does not satisfy 
Epps’ requirement of constant “extent of 
risk aversion” (denoted by 8)? which im- 
plies linear indifference curves in the mean- 
variance space. I shall now show that even 
if we accept the mean-variance framework 


*Lecturer, The Jerusalem School of Business, The 
Hebrew University. 

1See James Tobin. 

28 is defined by Epps as (du/dvar)/(du/dexp) 
where var and exp, are the variance and expected value 
of end of period wealth. 
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as a working assumption** Epps’ results do 
not follow. 

The main thrust of Epps’ analysis lies 
in the segmentation of the market into two 
parts: a bullish segment (indexed by T) and 
a bearish segment (indexed by U). Based on 
his assumptions Epps derives the demand 
function of the two segments:° 


(19) 
(20) 


P 
P 


Yr — rar 
Wy — Syay 


where we derive from his (18) 


Y = > Ly x WPi 
Jal Gj fal Y 
-1 
-= D 
jal Yj 
and 
Ses Talpi— Pi) 
14 a, = 1 + K ik\ Fi i 
( ) $ Pk 2 FeSi 
d5) ye = 538 = 
kk 


and P; is the current market price of secur- 
ity i. For the definitions of S,, Pi, Fa, and 
rz, the reader is referred to Epps. When a 
bullish information is observed by the bull- 
ish investors but ignored by the bearish 


3Paul Samuelson has shown that where the distribu- 
tions under consideration are compact, the mean- 
variance criterion yields a portfolio which is a good 
approximation of the actual optimal portfolio even if 
both conditions for the mean-variance model are 
violated. 

4I also adopt the rest of Epps’ assumptions despite 
the fact that the reasonability of some of them are quite 
questionable, for example, assumption 9 which as- 
signs a high degree of risk aversion to bullish investors, 
and a low degree of risk aversion to bearish investors. 

5The reader should interpret these equations care- 
fully, whereas the index k in equations (14) and (15) 
refers to the Ath security, the index j in equation (18) 
refers to investor j who observes security k. 
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investors, the initial equilibrium price P} = 


- Wy — Pydyo changes according to Epps to 


P, = Yy — (uđu — V*) and asa result: 
ae a 
Py 





AP* 


Likewise, the arrival of bearish information 
ignored by bullish investors will bring 
about the equality: 


where V and AP stand for the transaction 


~ volume and price change, respectively. Be- 


t 


_ dP, ia OP, OP, 


cause ®; > y, Epps now claims that 
“.,. the ratio of volume to price change on 
upticks exceeds the absolute value of the 
ratio of volume to price change on down- 
ticks” (p. 592). One should note, however, 
that a necessary condition for the deriva- 
tion of Epps’ equation (19) and (20) is that 
both Y, and Vy are parameters and are not 
functions of P}. Tracing back the definition 
of the ¥’s to equation (14) one might be 
tempted to agree that, because the summa- 
tion in equation (14) is for all i = k, YW; 
and W, are not functions of P,. This is 
however a fallacy. As can be seen from 
equation (13) P, is a function of all 
P, (i = k). Because this equation holds for 
all i, it follows that all P, (i = k) are func- 
tions of P, and therefore a, (equation (14)) 
is a function of P,. To express the impact of 
the price change of security k on a, we 


write: 
Sk Vix 
z ( Pr TiSi 


S\ (ta Tal Pe — P) 
[Aer ge) 


Ge ves ee OR 


SCHNELLER: SECURITY PRICES 


697 


We have no reason to suspect that this ex- 
pression is equal to zero, neither can it be 
claimed to be a second-order effect. Hence, 
any change in expectation of one group will 
cause a shift in the values of the intercepts 
from VW, to W#,and from ¥,to WF. 

After recognizing the dependency of the 
demand intercepts on the price P, we can 
write the new equilibrium price after the 
arrival of a bullish piece of information as 


P, = Wi(P;) — Pulau - V*) 
and thus 
APt = Wy — Y + Vt 
Likewise, 
AP- = Y,- Wk- €,V- 


From these last two equations we see that 
no unequivocal relationship between price 
change and transaction volume can be 
specified. 
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Security Price Changes and Transaction Volumes: 
Reply 


By THomas W. Epps* 


My 1975 paper presented a model of se- 
curity prices which implies that the number 
of shares traded in a transaction, expressed 
relative to the absolute value of the change 
in price from the previous transaction, is 
greater for transactions in which price in- 
creases than for those in which price falls. 
Distribution-free tests with data for one 
month’s transactions in each of a sample of 
corporate bonds supported the hypothesis. 
The paper by Mark Hanna extends my 
empirical work and shows that the pre- 
dicted relation between ratios of volume to 
price change appears to hold in periods of 
predominantly falling prices as well as in 
bull markets. 

The comment by Meir Schneller contains 
two major criticisms of the model in my 
1975 paper: 1) that the assumptions are 
inconsistent with the mean-variance ap- 
proach; and 2) that, even: ignoring this 
difficulty, the results do not follow from the 
assumptions. 

By the first criticism it is meant that the 
utility function I adopted is not consistent 
with the von Neumann-Morgenstern 
axioms for behavior in the presence of risk; 
that is, under the assumptions in my paper 
there is no utility of wealth function (the 
existence of which is implied by the axioms) 
whose expected value is a function U(z, o°) 
of mean and variance alone for which 8 = 
—2(@U/d07)/(@U/dp) is constant. Actually, 
the formal assumptions in the paper do 
admit such a function, and one which is in 
fact widely used in applied work. Indeed, 
the function yields exactly the asset demand 
functions which were derived in the paper 
(equation (7)).! 


* Associate professor, University of Virginia. 

i Equations used in this reply are numbered (1’), 
(2'), etc. Equation numbers without primes denote 
equations in the original paper. 
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Consider the negative-exponential utility 
function, u(w) = —exp (—8w), where w is 
final-period wealth, equal to a’X + a,,1; a 
and X being n-element vectors of quantities 
and end of period values (EPVs) of the 
risky assets, and a,,, being the quantity of 
the riskless asset. Assumption 6 in the paper 
requires that the coefficients of variation of 
the X, remain constant in the face of news 
which alters their subjective distributions, 
which can be satisfied if the X; are normally 
distributed with mean p; and variance pro- 
portional to p?. Letting S represent the 
covariance matrix E(X — p)(X — py, we 
have that w ~ N(u,07), where y = a'p + 
a,,, and g? = a’Sa. It follows that expected 
utility is given by 


(1’) Efu(w)] = —exp (—Bu + B?o?/2) 


Writing U(u, c?) for the right-hand side of 
(1°), it is seen that —2(@U/d07)/(@U/dn) = 
8; and maximizing U(u,07) subject to the 
wealth constraint, W — a'P — anı = 0 
(where P is the vector of prices of the risky 
assets), yields, on solving the first-order 
equations for a, equation (7). 

Clearly, this result requires that X, be 
normal. In the paper the lognormal distribu- 
tion was cited as an example of a distribu- 
tion with constant coefficient of variation, 
although lognormality was not formally 
assumed. If the X, are viewed as lognormal, 
then Schneller is formally correct in stating 
that the function U(u,07) with constant 8 
is inconsistent with the expected-utility 
hypothesis.2, However, even in the log- 


21n fact, Paul Samuelson’s well-known approxima- 
tion theorem cannot be regarded as a defense of my 
formulation (see Schneller’s fn. 3). Samuelson’s results 
and their generalizations by James Ohlson support the 
use of a quadratic u(w) in cases where the holding pe- 
riod is very short, but my assumption of constant @ 
rules out quadratic utility altogether. 
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normal case it may be reasonable for trad- 
ers to consider as an approximation that w, 
the EPV of a well-diversified portfolio, is 
normal, (See the study by Lawrence Fisher 
and James Lorie and the conclusions drawn 
from their results by Jan Mossin.) 

Schneller’s second criticism, while rather 
technical, is quite important and is valid 
(except in one case, to be discussed), al- 
though his arguments do not correctly sup- 
port it. He argues that the main result of the 
paper—that the ratio of volume to price 
change on upticks (V*+/AP*) exceeds that 
on downticks (V~/| AP- | )}—fails to hold 
because there are feedback effects of price 
changes in one asset on prices of the other 
assets. Specifically, he argues that an in- 
crease in the price of asset k, P,, due to a 
shift in the bulls’ demand function would 
lead to adjustments in all other prices, 
which would in turn shift the bears’ demand 
functions for asset k. Such shifts would 
change in an unpredictable way the expres- 
sion (28) for V*+/AP*; and a similar prob- 
lem would affect equation (34). i 

To examine the argument in greater de- 
tail, consider an individual’s demand func- 
tion for asset k, expressed in Marshallian 
form: 


(16) Pk = AkPrk ~ Yak 


where 


S rl Pp; — P;) 
14 a, =l 3 Mk ik\ Fi i 
(14) k J: È aap ews 


Suppose the demand function (16) belongs 
to any one of the bears. The question at 
issue is whether a change in P, caused by a 
change in the bulls’ expectations alone (i.e., 
in their p,’s but not in the p,’s of any of the 
bears) leads to a change in the factor a,, 
thus shifting the bears’ demand functions, 
including (16). Schneller argues (a) that the 
increase in p, resulting from the actions of 
bulls will directly affect all the a,, i = k, of 
the bears, since they depend on P, by equa- 
tions analogous to (14); (b) that changes in 
the bears’ a,s will influence the P,, i = k, 
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by equations analogous to (16); and (c) that 
these changes in the P, will in turn alter a, 
for all bears. 

Arguments (a) and (c) are correct, but 
(b) and Schneller’s expression for da, /dP, 
are not, since equation (16) and analogous 
equations for the other assets are individual 
demand functions, which determine a,, 
a,,...,@, for one person, rather than P,, 
P,,...,P,. To determine market prices, we 
return to equation (7), written for the jth 
of the J traders: 


(2') aj; = (8S) (P; ~ P) 


where a; is the vector of the jth trader’s 
holdings of risky assets, and P is the vector 
of their prices? Summing for all j and 
equating to the vector A of total asset sup- 
plies leads to the solution for market prices: 


(3') P = X 6p, - oA 
J 


where @ = [2 ;(8;S,) 7]! 
and 6; = ¢(6,S,)~' aren x n matrices. 
The critical issue in determining whether 
a change in P, affects a,, (the a, of the jth 
trader), j = 1,2,...,J, is whether changes 
in some (or all) traders’ expected values of 
the kth assets EPV affect equilibrium 
prices of the other assets; that is, whether 
changes in any of the p,, j = 1,2,...,J, 
affect the P,, i #k. From (3’) it can be seen 
that at least some of the P, do depend on ex- 
pected EPV’s of other assets unless the 
matrices 0, are diagonal, and the only 
simple way for this to occur is for all the 
S; to be diagonal, that is, for all assets’ 
EPV’s to be uncorrelated. Thus, for the 
“partial equilibrium” assumption invoked 
in the paper (p. 590) to hold requires in 
practice that all assets’ EPWVs be uncorre- 
lated. Otherwise, it is generally true that 
shifts in one group’s demand function for 
asset k do lead to changes in prices of other 
assets and to consequent shifts in the de- 
mand function of the other group. While 


3In (2') each element of the covariance matrix S; is 
multiplied by the scalar 8;- 
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this appears to be a second-order effect,’ 
Schneller is correct that the implications 
about the magnitudes of volume-to-price 
change ratios do not rigorously follow, ex- 
cept in the absence of perceived correla- 
tions among EPV’s, Clearly, the model is 
the worse for requiring this assumption. 


4For example, when there are just two risky assets 
and two traders, it is easy to show that the rate of 
change of one trader’s a, with the other’s p,(k = 1,2) 
is of order R7,, where R 12 is the correlation between 
the two assets’ EPV’s. 
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The Long-Run Analysis of the 
Labor-Managed Firm: Comment 


By K. V. BERMAN AND M. D. BERMAN* 


In a recent article in this Review, Eirik G. 
Furubotn challenged the traditional theory 
of labor management as developed by 
Benjamin Ward (1958, 1967), Evsey Domar, 
and Jaroslav Vanek (1969, 1970). He con- 
cluded on the basis of his own “realistic” 
model that: “Whatever its contribution to 
industrial democracy, it [the labor-managed 
firm] is not an inherently efficient economic 
organization” (p. 122). Furubotn was cor- 
rect to criticize the simplistic Ward-Domar- 
Vanek maximand of money income per 
worker, which ignores nonpecuniary aspects 
of utility maximization. This note will show, 
however, that Furubotn’s conclusions for 
resource allocation do not derive from a re- 
vision of the objective function. Rather, 
they result from a set of unjustified assump- 
tions about the firm’s operating environ- 
ment. With more reasonable assumptions, 
labor management can yield a Pareto opti- 
ma. solution for both the short-run and the 
long-run allocation of resources. 

Furubotn, like Vanek, purported to 
present a generalized partial equilibrium 
model of a competitive labor-managed 
economy. The firm was assumed to be a 
price taker for both inputs and outputs, and 
was allowed to operate free from external 
conirols. But the competitive labor-managed 
economy defined by Furubotn’s stated as- 
sumptions seems a peculiar one indeed. 
These assumptions include the following: 

1) “In a labor-managed socialist sys- 
tem, there is no free capital market...” (p. 
119). Investment can be financed only by 
retained earnings; “...the collective is not 
permitted to borrow...” (p. 112). 

2) “Under labor-management, the 
value of the firm’s capital stock must be 


*Research associate, Center for Business Develop- 
ment and Research, University of Idaho; and assistant 
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preserved in perpetuity...” (p. 116), includ- 
ing additions to the original stock. 

3) ‘““Worker-investors ... cannot sell 
their income rights to others when they 
leave the organization” (p. 116). 

4) However, ‘‘... decision makers also 
have the possibility of owning interest 
bearing savings deposits...” (p. 115), with 
fully transferable ownership rights. 

5) Labor input in the firm cannot be 
decreased. It can be varied only by addition 
of members, and this only up to a maximum 
number set by the original controlling ma- 
jority (p. 108). Despite a postulate which 
states that workers are free from external 
controls, hours of work are assumed fixed 
and not within the realm of decentralized 
managerial choice. 

6) Focused myopically on the expan- 
sion path of the individual firm, the model 
lacks any consideration of the impact of the 
outside world. Despite the purported long- 
run and dynamic nature of the analysis, 
Furubotn did not allow for market forces 
such as entry and exit of firms to move re- 
sources toward more highly productive uses 
(or for any substitute government planning 
mechanisms to shape the allocation of re- 
sources over time). 

One wonders how efficient would be re- 
source allocation among profit-maximizing 
firms in a capitalist economy in which there 
was no entry or exit; proprietors had no 
transferable property rights in the firm but 
could invest in bank savings accounts with 
full ownership rights; managers were con- 
strained to self-financed investment and 
prohibited from liquidating unprofitable 
investment; and managers could vary labor 
input only by addition of permanent full- 
time workers up to an arbitrary limit. Such 
assumptions are surely not essential features 
of labor management per se, but result from 
a confusion of Yugoslav institutional de- 
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partures from market allocation with a 
general theory of labor management. 

A key premise in the inefficiency finding 
is Furubotn’s assumption that workers 
would be reluctant to admit additional 
members. This premise, however, even if ac- 
cepted, does not in itself lead to long-run 
resource misallocation, given a capital 
market (or effective substitute). In an in- 
dustry with long-run costs characterized by 
a region of increasing returns, the original 
majority of a particular enterprise might re- 
strict its size below the economic optimum 
for this reason. But Furubotn did not as- 
sume identical subjective views of optimal 
membership size by all firms, even of the 
same initial scale. Some groups of workers 
might expand their firms to the optimal size 
because they anticipated pecuniary gains 
outweighing the disutility of an expanded 
work force. More importantly, given free 
entry there would be a strong financial in- 
centive for other groups of workers to form 
new firms that would enter at a larger scale. 
Entry of these lower-cost firms would drive 
the price down toward the minimum long- 
run average cost of production. The reluc- 
tant firms would be forced either to revise 
their assessment of the balance of pecuniary 
and nonpecuniary utilities, or go out of 
business.! 

Although Furubotn did not specifically 
mention short-run aspects of resource al- 
location, he appeared to concur with 
Vanek’s conclusion of inefficient labor use 
in the short run. If the optimal capital-labor 
ratio were smaller than the initial position 
in the firm, worker reluctance to expand 
membership would be likely to restrict 
labor input increase to a suboptimal level 
(p. 122). This result rests on the assumption 
that the labor input, even in the short run, 
can be increased only by adding new mem- 
bers.” 


` IRevising the pecuniary-nonpecuniary assessment 
might take place through a change in the firm’s 
managing worker group. Exit of firms implies here that 
the inefficient capital stock is to be liquidated by the 
owners, either worker owners or the state. See fn. 3. 
2Lack of work-hours variation as a decision option 
is also the reason for short-run inefficiency in the 
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If, as is argued here, the set of assump- . 
tions used by Furubotn is unjustified, what 
assumptions would be more appropriate for 
a general model of decision making under 
labor management? 

1) The perfectly competitive market 
environment of the Vanek model is ap- 
propriate for assessing the efficiency proper- 
ties of an idealized system not tied to the 
distortions of a particular national economy: 
Perfect competition specifically includes the 
opportunity for free entry and exit of firms, 
and capital market aspects of the perfectly 
competitive model are not affected by the 
circumstance of worker management. Long- 
term loans are available at a market rate of 
interest. Ownership rights to capital, which 
may be held by workers individually or by 
the state (or a combination of the two), in- 
clude the right of liquidation and the right 
to a market rental rate and the maintenance 
of assets when capital is leased out. Where 
capital is owned by the state and leased out 
to workers to manage, worker groups have 
the right to contract with the state for con- 
struction and lease of desired plant and 
equipment at cost, to renegotiate leases at 
frequent intervals, and to refuse to re-lease 
inefficient capital assets? An individual 
worker contributing capital to a firm from 
prior individual savings or underpaid labor 
must be compensated by a corresponding 
individually transferable interest in the firm 


Vanek model of labor management. Unlike other 
writers, however, Vanek did not assume that working 
hours are necessarily unchanging. But worktime in 
his model (as a component of “effort”’) varies only as a 
passive response to the reward for work, not as a 
conscious managerial choice for adjusting inputs and 
outputs to changing market parameters (see 1970, ch. 
12, especially pp. 248-52). With a product price rise, 
for example, Vanek’s decision mechanism would cause 
the firm to reduce labor input (membership), over- 
whelming any tendency of workers. to work longer 
hours. 

3If government-owned capital leased to workers is 
inefficient, producing substandard worker incomes, no 
worker group will be willing to use the particular stock 
of fixed assets at a positive rental charge, and the 
government owner would then have to, liquidate the 
inefficient assets. Workers themselves have the right 
to liquidate capital for which they have paid full value. 
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or in his accumulated deferred income, as in 
the case of individual investment in other 
assets, 

2) The ability of the firm to control 
and vary hours of work to adjust the labor 
input should be considered an integral part 
of worker-managers’ decision-making au- 
thority. 

3) On the other hand, it appears 
reasonable to assume that the difficulties in 
admitting or expelling members in a labor- 
managed firm preclude membership change 
as a method of short-run adjustment of the 
labor input. For the short run we can as- 
sume membership to be fixed, thus defining 
a short-run decision horizon for the worker- 
managers. 

4) It is reasonable to assume with 
Furubotn that worker-managers will con- 
sider nonmonetary as well as pecuniary 
utility in decision making. Since the unit of 
labor input is now a working hour, we 
postulate that for the individual, utility will 
in general be inversely related to labor in- 
put. We assume here that hours of all 
workers change proportionately (although 
they need not be identical). The propor- 
tionality requirement is made here for 
mathematical convenience only, but may be 
considered to be based on technological re- 
quirements of job interdependence, or on 
egalitarian preferences for equal effort and 
return. 

Differences in workers’ income-leisure 
preferences could pose decision-making 
problems within a firm, es Robinson pointed 
out. Furubotn assumed that the firm is con- 


4The ability of enterprises to expel members for 
temporary financial gain of the remainder has been 
challenged on practical and philosophical grounds by 
many writers, including Vanex (1970, pp. 57, 156-58, 
385) although his model allows unrestricted firing. See 
Joan Robinson; James E, Meade; Furubotn and 
Svetozar Pejovich; Egon Neuberger and Estelle James. 
With expulsion prohibited or difficult, admitting new 
members is a long-term commitment for the firm, as 
well as for the prospective member, that is not likely 
to be undertaken as an adjustment to short-run con- 
ditions. 

5Theoretical considerations relating to individual 
choice of working hours in a cooperative are discussed 
by M. D. Berman. 
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trolled by a homogeneous bloc of members 
from the original decision-making majority. 
This concept may be appropriate for a very 
small firm, but appears less so for the larger 
and more complex enterprises that would 
be more typical of a substantially worker- 
managed economy. In the discussion here, 
worker homogeneity is not assumed, but 
the choice of hours and other decision prob- 
lems within the firm are assumed to be solv- 
able through voting procedures. 

In a planning period longer than the 
short run as defined, workers may leave the 
firm voluntarily for employment opportuni- 
ties elsewhere that yield greater utility, but 
they may not be expelled from the firm in- 
voluntarily. Subject to this restriction, firms 
will attempt to adjust membership (as well 
as capital) to increase utility produced per 
member, by recruiting new members or 
failing to replace attrition. While reluctance 
to expand membership is possible, and an 
optimum cooperative size may exist, it 
seems unlikely that workers would in general 
sacrifice increased income because they are 
“suspicious of change” to the extent as- 
sumed by Furubotn. 

The firm’s workers decide on inputs of 
labor time and other resources in order to 
maximize utility for the typical (ith) worker: 


(1) max V; = u;(y;,h;,7) 
ay `~ Spf(A,m,k) -— Ecm - ad 





n 


where n is the number of full-time equiva- 
lent worker-members; utility u; is related 
positively to income y,, and negatively to 
hours of work h;; total hours of all workers 
H is nh;;m and k are vectors of current non- 
labor inputs and capital inputs, respectively; 
p,c, and r are exogenously given price vec- 
tors of outputs, current nonlabor inputs 
and capital, respectively; and the Lagrange 
multiplier A is the marginal utility of in- 
come. 

In the short run, the first-order condi- 
tions give the maximum of V; with respect 
to the current variables m and H (H is 
varied by changes in h,, holding n constant): 
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(2) Va = 0 = u/n + AÈ pfy/n 
or pfa = —Up/uy 
(3) Vin = 0 = A(Pfm — c)/n 


or Pin =e (for each m, c) 

These two equations describe the short-run 
Pareto optimum at which the values of the 
marginal products of current nonlabor in- 
puts equal their prices, and where the value 
produced by the marginal labor input equals 
its opportunity cost. The firm responds to 
changes in short-run market parameters in 
the direction of stability, as opposed to the 
traditional Vanek model. A rise in the price 
p, for example, increases the remuneration 
for work and (on the usual assumption of 
substitution effects outweighing income ef- 
fects) causes the workers to increase the 
labor input by increasing the hours worked 
per member h;. 

In the long run, V; is maximized with re- 
spect to the long-run variables n and k in 
addition to the two short-run variables h; 
and m. Total hours now depend upon a as 
well as upon h;. In addition to equations 
(2) and (3), which still hold in the long run, 
the first-order conditions for a maximum of 
V; are (with the subscript, i, omitted for 
clarity) 


(4) V, = 0 =u, + (A/n*)[nd pfyh — ny] 


or —U,/uy = (ZŁ pfah — y)/n 
(5) Vi = 0 = A(pfk ~ r)/n 
or Phe =r (for each r, k) 


Firms recruiting or failing to replace 
members will adjust membership toward 
the optimum number of workers. If u,, the 
utility to the typical worker of an additional 
worker-member, is zero, the optimum num- 
ber n in equation (4) is the Vanek equi- 
librium at equality of the marginal and 
average value products of labor. Mobility 
of individual workers toward firms offering 
higher income levels, as well as entry and 
exit of firms, will tend to equalize labor in- 
comes among different firms and industries. 
These market forces will move marginal 
value products of labor toward Pareto opti- 
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mal equality throughout the economy. 
Equation (5) shows the equality of the value 
of the marginal product of capital with its 
marginal cost r, which may be either the 
interest rate (for owned capital) or a rental 
rate (for leased capital). In the absence of 
the capital market distortions of the 
Furubotn model, there is no reason to con- 
clude that worker-managers will use an in- 
efficient scale or capital-labor ratio.® 

Economists do not ordinarily assess ef- 
ficiency of an economic system by specifying 
the institutional distortions of a particular 
national economy. With appropriate as- 
sumptions which are freed from the domi- 
nance of Yugoslav institutional aberrations, 
labor management does not yield so pessi- 
mistic a prediction for economic efficiency 
as Furubotn (and Vanek as well) would 
have us believe. 


6 Efficiency in the use of capital under labor manage- 
ment was also the conclusion of Meade. 
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The Long-Run Analysis of the 
Labor-Managed Firm: Reply 


By Erik G. FURUBOTN* 


In their criticism of my model of the 
socialist labor-managed firm (1976a), K. V. 
Berman and M. D. Berman argue that the 
assumptions underlying the construct are so 
extreme and specialized as to make its con- 
clusions on allocative efficiency nugatory. 
The judgement is, in effect, that while my 
interpretation of labor management may 
have some relevance for the Yugoslav ex- 
perience, the theory of the firm presented 
has no general applicability and can yield 
no insight into the probable efficiency levels 
of labor-managed systems based on institu- 
tional arrangements different from those 
assumed for the Yugoslav case. At issue, 
then, is an important and fundamental 
question. Is it true, as the authors assert, 
that if only an “appropriate” institutional 
structure is posited, a labor-managed sys- 
tem can be shown to be efficient; or does 
industrial democracy lead inevitably to 
difficulties of the type exposed in the Yugo- 
slav model? 


I. Property Rights and Incentives 


The theoretical position taken by Ber- 
man and Berman is a popular one and has 
support from such major writers as James 
Meade, Jaroslav Vanek, and Jacques Dréze. 
Nevertheless, I would argue that labor 
management is, by its essential nature, a 
system that cannot achieve a Pareto op- 
timal equilibrium. Regardless of the par- 
ticular institutional environment being con- 
sidered, if labor management is to exist, it 
requires the prevailing property rights 
structure to exhibit certain special features. 
And this is where the trouble lies. The type 
of rights structure that permits labor man- 
agement to function will of necessity gen- 
erate a perverse pattern of economic in- 
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centives—a pattern that leads the system 
away from Pareto optimality and toward a 
second best solution. 

There are, in short, basic problems com- 
mon to all labor-managed economies. 
Thus, despite its limitations, the so-called 
Yugoslav model is able to point up some 
general principles. Difficulties such as those 
that arise because workers have finite plan- 
ning horizons are well exemplified by the 
Yugoslav case, but they are by no means 
unique to the Yugoslav institutional struc- 
ture. We find that labor management al- 
ways exerts a distinctive effect on the terms 
under which benefits can be appropriated 
by decision makers. What has to be rec- 
ognized is that labor management is at base 
an artificial construction; its rules are set up 
with the objective of giving greater eco- 
nomic power to rank and file workers while 
simultaneously preserving the traditional 
initiatives, flexibility and efficiency of a de- 
centralized capitalistic system.! This value 
premise, of course, influences structure; 
thus, an absolutely crucial requirement is 
that decision-making authority in the firm 
be restricted to current employees. Institu- 
tionally, worker dominance is protected by 
legal arrangements that limit the holding of 
claims on the firm’s net cash flow to those 
actually working for the firm. Such claims 
have no market, however, because to hold a 
claim one must be employed by the firm 
and positions in the organization are not 
legally for sale. The firm as an independent 
entity has a very modest role; it does not 
own any durable productive resources and 
serves merely as a vehicle for worker- 
initiated transactions. Characteristically, 
the firm is expected to rent capital goods 


l Meade offers a concise analytical description of an 
idealized labor-managed system. Implicit in the dis- 
cussion is the idea that firms other than those that are 
labor managed are excluded by law. 
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from private individuals who have full 
ownership rights in them, or borrow capi- 
tal funds from private creditors.” 

The preceding sketch of labor manage- 
ment as a “‘pure-rental” system? is consis- 
tent with the interpretation offered by Ber- 
man and Berman. However, they go on to 
develop a startling proposition and argue 
that a competitive market environment of 
the special type described produces the 
same allocative results as the standard 
capitalist model.4 Representative of their 
thinking is the following telling statement: 
“... capital market aspects of the perfectly 
competitive model are not affected by the 
circumstances of worker management” 
(p. 702). But this and similar assertions are 
simply not correct. What the line of analysis 
ignores completely is the difference in the 
structure of incentives under labor manage- 
ment. Indeed, allocative difficulties arise 
precisely because incentives are distorted 
by the institutional arrangements of the 
new system. 


II. The Planning Horizon and 
Economic Behavior 


According to the rules assumed, each 
worker in the labor-managed firm has 
property rights in a particular time stream 
of income—viz., the stream of net earnings 
that comes to the firm during the period the 
worker is employed by the organization. 
Once the individual leaves the firm, how- 
ever, he has no claim on the firm’s net 
revenues and no responsibility for the 
firm’s debts or other obligations. This situa- 


2In the socialist variant of labor management, 
government agencies are supposed to lease capital 
goods (and make loans) to firms at rentals that clear 
the market. This theoretical extension implies that 
government agencies behave in the same way as pri- 
vate owners of capital. See the author and Svetozar 
Pejovich, pp. 1137-39. 

3Drawing on the property rights literature and 
their own original research, Michael C. Jensen and 
William H. Meckling (1977) have provided a far- 
reaching critique of the labor-managed or pure-rental 
system. Many of their points are incorporated in this 
paper. 

4Dréze, p. 1127, also seems to ignore the relation 
between the property rights structure and behavior. 
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tion is of interest because it has important 
implications for behavior. Assuming for the 
moment that all of the firm’s employees 
have the same planning horizon and expect 
to remain with the firm for T periods, the 
forces operating are clear. Incentives are 
created for the workers to try to shift costs 
incurred in the near term to periods after T 
and, at the same time, to make firm reve- 
nues through T as large as possible. 

When dealing with leased capital goods, 
workers can be expected to show little in- 
terest in protecting and preserving the 
equipment. Rather, they will tend to use 
rented assets unsparingly while minimizing 
or avoiding completely necessary main- 
tenance services. In this way, current em- 
ployees of the firm can gain greater rewards 
to the horizon and allow future workers to 
face the negative consequences of capital 
neglect. Similarly, when borrowing takes 
place, efforts will be made to shift the re- 
payment burden to future groups of work- 
ers. In principle, close monitoring of the 
firm’s operations and rigorous enforce- 
ment of contracts by capital owners (and 
lenders) could prevent self-seeking em- 
ployees from deliberately manipulating the 
timing of cash inflows and outlays. But 
such procedures are difficult, and in most 
cases prohibitively costly. Moreover, mere 
enforcement of contract would not be able 
to stop current decision makers in the 
labor-managed firm from showing bias in 
the choice of production activities. That is, 
where rates of return are equal, workers 
will prefer to undertake those activities that 
pay off relatively more quickly, or even 
those that, while not particularly remunera- 
tive over the long term, yield large near- 
term net revenues. 

Rental contracts, then, do not banish the 
inefficiency problem of labor management.® 


5The fact that, in systems where free choice exists, 
rental of durable production equipment is not always 
preferred to ownership suggests that agency costs (see 
Jensen and Meckling, 1976), can be substantial and 
that labor management is not an optimal system. 

élt can be argued that some of the difficulties al- 
luded to above can be avoided if rental contracts 
are of very short (one-period) duration and the costs 
of renegotiating contracts or repossessing assets are 
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Because workers do not have perpetual 
claims on the firm’s net cash flows, their 
concern will be with the appropriation of 
benefits over the planning interval T. But 
the special behavior this policy occasions 
must prevent the attainment of Pareto 
optimality; indeed, even the moderation of 
the inefficiencies here would involve large 
transactions costs avoidable under capital- 
ism, 


III. The Entry of New Firms 


In the universe envisioned by Berman 
and Berman, the entry of new firms can be 
relied upon to drive industry price down to 
the minimum long-run average cost of pro- 
duction. Thus: “The reluctant [high-cost] 
_ firms would be forced either to revise their 
assessment of the balance of pecuniary and 
nonpecuniary utilities, or go out of busi- 
ness” (p. 702). This conclusion, however, is 
not defensible. To achieve a Pareto optimal 
solution, it is not necessary for all firms in 
an industry to provide the same working 
environment or to show the same level of 
technical efficiency in the production of 
marketable output. Within limits, any firm 
can sacrifice wage income (output) for non- 
pecuniary amenities without endangering 
its chances for survivel.’ In the case of the 
labor-managed firm, though, inefficiency 
will arise unless the members of the collec- 
tive have identical multiperiod preference 
functions. This condition holds because, 
inter alia, the politically dominant majority 
workers can force an undesired wage- 
environment solution on minority workers. 
Ideally, labor mobility would insure that 
each firm had a homogeneous constituency 
„but high search costs under labor manage- 


very low. But even this approach fails because not all 
of the inputs required by the firm can be rented. As 
Jensen and Meckling (1977) have explained, in- 
tangible organizational factors must be contributed 
by the workers. 

7A basic proposition in welfare theory is that a 
Pareto optimum has not been achieved if a worker 
can improve his utility level by moving to a lower 
paid position, see E. J. Mishan, p. 166. 
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ment effectively rule out such an equilib- 
rium.® 

It should also be understood that, in a 
labor-managed system, the incentives for 
the formation of a new enterprise are not as 
powerful as those existing in a normal 
capitalistic environment. In the latter, an 
individual seeking entry and organizing a 
new venture is legally free to capture the 
present value of the firm’s future stream of 
profits (projected over an infinite horizon). 
But under labor management the rewards 
to entrepreneurship are sharply reduced. 
The worker-entrepreneur does not have 
unique claim to the residuals generated by 
the firm; he must share the net cash flow 
each period with the other members of the 
collective. Moreover, his limited entitle- 
ment to income ends when he leaves the 
firm (for example, at T). And even if the 
worker-entrepreneur were given some claim 
to future revenues on his departure, he 
would have no vote and no effective way of 
controlling the policies of the firm to pro- 
tect his “investment.” This institutional ar- 
rangement implies that there will always be 
a difference between the perceived private 
benefits of entrepreneurial activity and the 
true social benefits. The result to be ex- 
pected is of course reduced formation of 
new firms and inefficient factor allocation. 


IV. The Firm’s Decision-Making Process 


Perhaps the most elusive and difficult 
problem in the theory of labor management 
is to establish a persuasive explanation of 
how workers determine the policies of the 
firm. We know that all basic decisions are 
to be made within the organization through 
some sort of democratic political process. 
But to say this is not very helpful because 
there is no widely accepted theory of how 
such processes operate. In the Yugoslav 
model, it was assumed that a majority vot- 


8In a labor-managed system, it is quite costly for a 
worker to make an accurate comparison of the net 
rewards offered by different jobs (see the author 
1976b, pp. 221-24). Further, even with high mobility, 
the work force at any firm is likely to be heterogeneous 
because of irreducible age and class differences. 
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ing procedure permitted a homogeneous 
subgroup of workers to secure power and, 
then, run the firm in its own interest. Ad- 
mittedly, this simple majority rule hypoth- 
esis leaves much to be desired. The way in 
which shifting coalitions of workers may 
change the firm’s policies is not explained, 
nor is much consideration given to the role 
of the manager and the means workers have 
for monitoring and controlling his actions.’ 
Nevertheless, the majority rule model does 
focus attention on the political aspect of 
labor management, and does highlight the 
fact that, in any realistic situation where 
the firm’s workers have diverse preferences 
and planning horizons, a Pareto optimal 
solution is just not an effective possibility. 
By contrast, Berman and Berman appear 
to ignore the problems of welfare aggrega- 
tion when they say: “In the discussion here, 
worker homogeneity is not assumed, but 
the choice of hours and other decision 
problems within the firm are assumed to be 
solvable through voting procedures” 
(p. 703). There is no doubt that some solu- 
tion will always emerge; the real question, 
however, concerns the nature of the solu- 
tion to be anticipated. Thus, if the em- 
ployees of a (large) labor-managed firm are 
generally apathetic and ignorant of policy 
matters, an energetic and well-organized 
minority within the collective may dominate 
the political process. Certainly, there are 
gains to be realized by those who can con- 


trol the firm and use its resources for their . 


own purposes. All this points to a simple 


9Since, under labor management, there is no mar- 
ket for the claims employees have on the firm’s net 
revenue stream, the monitoring of management will 
be less efficiently performed than in a conventional 
capitalistic system. 
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conclusion; unless a proposed model speci- 
fies the political system assumed to be op- 
erating within the firm, no clear objective 
function can be formulated and nothing 
definite can be said about welfare distribu- 
tion or allocative efficiency. 
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The Value of Human Life in the 
Demand for Safety: Comment 


By Puiuie J. CooKx* 


Cost-benefit analyses of public projects 
designed to reduce mortality from disease 
or various environmental hazards have vir- 
tually without exception used some variant 
of a labor earnings measure to place a 
dollar value on lives. This practice con- 
tinues despite criticism from E. J. Mishan 
and others,! apparently because the neces- 
sary data on earnings are readily available 
whereas data on the theoretically appro- 
priate ‘‘willingness-to-pay”’ measure are in- 
complete, of recent vintage, and of uncertain 
quality.? This lack of appropriate data does 
not justify the use of the earnings measure 
if indeed the latter has no theoretical justi- 
fication: as Mishan points out in this con- 
text “‘,.. there is more to be said for rough 
estimates of the precise concept than pre- 
cise estimates of economically irrelevant 
concepts” (p. 705). In the context of this 
discussion, Bryan Conley’s recent attempt 
(in this Review) to provide a theoretical 
justification for the use of a labor earnings 
measure of the value of life has great po- 
tential significance. Conley’s major theoreti- 
cal conclusion is that **...the value of life 
saving is greater than discounted lifetime 
labor income” (p. 51). If true, then Conley’s 
argument could be used to support a claim 
that if a project’s potential “benefits” (as 
measured by total earnings of lives which 
would be saved) exceeds the project’s costs, 
then the project is necessarily worthwhile 
by the cost-benefit standard. 


*Assistant professor of policy sciences and eco- 
nomics, Duke University. 

l See, for example, the two monographs by Jan 
Acton. 

2 Acton (1973) reports a survey study of individuals’ 
willingness to pay for a mcbile coronary unit which 
would reduce the probability of death for heart at- 
tack victims. See also Ricaard Thaler, Thaler and 
Sherwin Rosen, and Robert S. Smith, who attempt 
to infer the value of life from estimates of risk pre- 
miums paid to workers in risky occupations. 
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The main purpose of this note is to pro- 
vide a relatively transparent derivation of 
Conley’s major theoretical result, which 
avoids the complexities of his multiperiod 
model. 

Consider, as does Conley, an individual 
with nonhuman wealth W and expected dis- 
counted labor earnings Y who lives in a 
world of full information, competitive, cost- 
less markets; in particular, actuarially fair 
life insurance and annuity contracts are 
available. At time zero the individual is 
faced with an endowed probability (1 — p) 
of immediate death. The appropriate (for 
cost-benefit purposes) measure of the mone- 
tary value of his life can then be inferred 
from information concerning his willing- 
ness to pay for reductions in this prob- 
ability.4 

The individual’s utility if he survives at 
time zero is assumed to be a strictly con- 
cave increasing function of the expected 
present value of his lifetime consumption C. 
It will be assumed that he has no effective 
bequest motive (i.e., marginal utility of con- 
sumption everywhere exceeds the marginal 
utility of a bequest). He will then choose to 
purchase an annuity such that C = Y + 
W /p, and his expected utility is given by 


(1) ECU) = pU(C) + (1 — p)U* 
= pU(Y + W/p) + (1 — p)U* 


where U* is defined as “‘the utility level as- 
sociated with death” (Conley, p. 51). 

The “value of life” is given by the maxi- 
mum rate at which he would be willing to 
sacrifice wealth for reductions in p. Taking 
the derivative of (1) with respect to p while 
holding E(U) constant yields 


3My derivation here is similar to the analysis in my 
paper with Daniel Graham. 3 

4] ignore throughout the analysis the possibility that 
other people have an effective demand for his safety. 
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(2) U(C) — U* + pU'(C) 


Simplying and substituting C - Y = W/p 
yields 

dw 
30 - ae 
(3) dp 





E(U} = constant 


y+ [20u ] 


Conley bases his conclusion that Y serves as 
a lower bound for the value of life on the 
claim that in “... [what] may be called the 
general case” (p. 50) the expression in 
brackets is positive. If one assumes (as does 
Conley in arguing for this conclusion) that 
U* = 0, then this claim amounts to an as- 


sertion that for most individuals the elas- . 


ticity of utility with respect to lifetime con- 
sumption is less than one: for U* = 0, we 
have 


dw 1 
4) -2 - y + cff -1] 
( dp E(U) = constant a 


where æ is the lifetime consumption elas- 
ticity of utility. 

Under what circumstances will a < 1? 
Given the assumption that U(C) is strictly 
concave, then it is sufficient that U(0) = 0. 
Conley, however, makes the more reason- 
able assumption that the utility associated 
with death is equal to the utility associated 
with some presumably low but nevertheless 
positive level of consumption, which he 
labels C° (see Figure 2, p. 51). Hence, 
U(C*) = U* = 0. Then there is some in- 
terval for lifetime consumption, C° < C < 
C*, for which a > 1; clearly C* is the solu- 
tion to> 


(5) Cae 


5Conley (p. 50), demonstrates that equation (5) may 
have no finite solution, in which-case a > 1 for all 
C>. 
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Is it indeed true that “in the general case” 
individuals have lifetime consumption levels 
in excess of C*? The plausibility of Conley’s 
claim in this regard must be evaluated care- 
fully before cost-benefit analysts can feel 
comfortable with using the present value of 
lifetime earnings as a lower bound for the 
value of life. 
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The Value of Human Life in the 
Demand for Safety: Comment 


By M. W. Jones-LeE* 


In the March 1976 issue of this Review, 
Bryan C. Conley published a paper in which 
he claimed to have demonstrated, on the 
basis of a purely theoretical argument, 
that“... in the general case ... the value of 
life saving is greater than discounted life- 
time labor income” (p. 51). Conley’s ele- 
gant paper is undoubtedly a substantial 
contribution to the growing literature on 
the value of life. Nonetheless, it will be ar- 
gued that his analytical framework is rather 
less general and his conclusions less robust, 
than might initially appear to be the case. 
More specifically, this note will seek to 
show (a) that while Conley has (albeit in a 
somewhat simplified framework) correctly 
identified a sufficient condition on individual 
preferences for the value of life to exceed 
human wealth, his theoretical argument 
contains nothing whatever which would in- 
dicate that such a condition is typically met 
(so that while not denying the possibility 
that the asserted relation between the mag- 
nitude of human wealth and the value of 
life saving! may turn out to be correct in a 
majority of cases,” it is my contention that 
Conley has provided no evidence one way 
or the other and that the main claim of his 
paper to have demonstrated the result theo- 
retically is quite without foundation), and 
(b) that Conley’s model suffers from a num- 
ber of limitations, at least some of which 


*University of Newcastle Upon Tyne. 

'Conley employs the (by now relatively conven- 
tional) definition of the “value of life” as a marginal 
rate of substitution of wealth for probability of sur- 
vival. See for example Dan Usher, Richard Thaler and 
Sherwin Rosen or the author (1974, 1976). Conley 
then defines the ‘value of life saving” as the sum of 
the value of life and the excess of lifetime income over 
lifetime consumption. 

2Indeed, most of the recent empirical work in this 
field (including work by this author) tends to confirm 
Conley’s assertion concerning relative magnitudes. See 
Thaler and Rosen, or the author (1976). 
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substantially constrain the generality of the 
condition identified as sufficient for the 
value of life saving to exceed human wealth. 


I. The Methodological Objection 


In the context of a conventional scientific 
program there are essentially two kinds of 
evidence which can be adduced in support? 
of an empirical generalization: either one 
may provide direct empirical evidence, or it 
can be shown the proposition in question is 
logically entailed (i.e., necessarily implied) 
by a “higher level’? hypothesis* for which 
supporting evidence has already been pro- 
vided. On a cursory reading, one could be 
forgiven for thinking that Conley has 
adopted the second approach (i.e., demon- 
stration of entailment by a higher level hy- 
pothesis) to providing support for the em- ` 
pirical generalization that “the value of life 
[saving] is greater than discounted earn- 
ings” (p. 45). However, a more careful 
scrutiny of his argument reveals that, follow- 
ing the correct identification of a sufficient 
condition for such a result* (within the 


3 Notice that in contrast to logically necessary state- 
ments, empirical generalizations concerning invariant 
associations cannot be proved—future instances have 
not yet been observed—but merely supported by 
being shown not to have been disconfirmed by past 
observations. 

4For a discussion of the structure of science in terms 
of various levels of hypothesis, see R. B. Braithwaite. 

5Conley’s condition is that ¿U/C < U ~ U*/C 
where U is the expected utility of lifetime consump- 
tion, C is expected discounted lifetime consumption, 
and U* is the utility index associated with (immediate) 
death. This condition is obtained as follows. In order 
for the value of life saving (value of life plus lifetime 
income, net of consumption) to exceed lifetime in- 
come, Y, we require: (value of life) + (Y — C) > Y; or 
value of life > C. Conley’s condition is then obtained 
by substituting his expression for the value of life, 
(U — U*)/(@U/aC). It is worth pointing out that 
Conley’s expression for the value of life is merely a 
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terms of his model), Conley then simply as- 
serts that the fulfillment of this condition 
will be the norm rather than the exception, 
thus: “... a condition that we expect 
generally holds for most values of [lifetime 
consumption] .... This critical value is pre- 
sumably at a low level of income” (p. 50). 

Plainly such assertions offer no scientific 
support whatsoever for the proposition in 
question.’ The “... major theoretical find- 
ing of [the] paper that the value of life is 
greater than discounted earnings” (p. 54), is 
therefore seen not to be a theoretical find- 
ing at all, but merely the identification of a 
sufficient condition together with the un- 
supported assertion that this condition will 
normally be fulfilled. 


II. Some Limitations of the 
Analytical Framework 


Furthermore, even if we treat Conley’s 
paper as having the more modest objective 
of identifying the relevant conditions for the 
value of life saving to exceed human wealth, 
it seems reasonable to require that the 
theoretical framework within which this 
identification is conducted should have 
wide generality and should not suffer from 
excessive’ simplification and abstraction 
from our perceptions of “reality” (other- 
wise the conditions deserve to be accorded 
no more status than that of mere curiosa). 
Unfortunately, Conley’s model of individual 
choice is based upon at least two very sub- 
stantial abstractions. In the first place, fol- 
lowing the seminal paper by Menahem 
Yaari, Conley assumes full information, 


version of what is by now well established in the 
literature. (See, for example, Jacques Dréze, equation 
(14); Usher, equation (9); and the author, 1974, equa- 
tion (29).) 

6More explicitly, given the condition identified in 
fn. 5, one may conclude that if U’(C) > 0, U"(C) < 0 
and U(C) is bounded above, then there will exist some 
value of C, say C, such that C > C == dU/aC < 
{U — U*)/C. The basic contention of this note is how- 
eve: that Conley offers no reason for supposing that 
C > C will be the normal case. 

TOf course what constitutes ‘‘excessive’’ simplifica- 
tion is ultimately a question of personal judgement. 
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costless, competitive markets for borrow- 
ing, lending and life insurance (strictly, for 
regular and actuarial notes), and as a con- 
sequence of this assumption treats the de- 
cision-making agent as having immediate 
access to the full value of expected dis- 
counted lifetime labor income (i.e., human 
wealth). The latter, together with current 
nonhuman wealth is then treated as the sole 
ultimate constraint upon an individuals 
current expenditures including those de- 
voted to safety improvement. However, it is 
a fact that a variety of market imperfections 
and information failures conspire to deny 
many individuals immediate access to more 
than a small fraction of their human wealth 
(unless for the purchase of a very limited 
range of specific durable assets providing 
good collateral such as housing). Thus the 
magnitude of currently realizable wealth is 
for such individuals smaller than is im- 
plicitly assumed in Conley’s paper. The im- 
pact of this is most easily seen in the con- 
text of the simplified version of Gary 
Fromm’s single period model (discussed by 
Conley in fn. 16) in which the value of hu- 
man life (the marginal rate of substitution 
of wealth for the probability of survival) is 
given by? 


(1) -—OW/dp = U/p(iau/aw) 


where W is initial wealth, U is utility of 
wealth, and p is the probability of survival. 

The effect of a ceteris paribus variation in 
initial wealth upon the value of life can then 
be obtained by partially differentiating 
—dW/dp with respect to W, treating p as a 
parameter: 


Conley sets the utility of not living at zero, 
so that an individual who prefers life to 
death will necessarily have U > 0. Thus, 


8Jt can be shown that the following argument also 
applies under substantially more general conditions. 
See, for example, the author (1976). 
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if as is usually assumed, 0 < p < 1, 
dU/aW > 0, and @?U/aW? < 0, then 


(3) ð (- oF) > 0 


That is, the value of life is an unam- 
biguously increasing function of initial 
wealth. There remains, however, the crucial 
question of precisely what is meant by 
“initial wealth” in this context. Consider an 
individual for whom the constraint on cur- 
rently available wealth discussed above is 
binding (i.e., a person who would, given 
access to all of his human wealth, plan to 
increase his total spending in the current 
period). In such a case, it is clear that cur- 
rently realizable wealth is the relevant in- 
terpretation of W for a discussion of the 
amount the individual is willing and able to 
pay for an increase in the probability of 
survival.? It therefore follows from in- 
equality (3) that such an individual will 
have a value of life lower than that implied 
by Conley’s analysis. 

The second limitation of Conley’s model 
arises from his treatment of bequests. The 
major part of his formal analysis is based 
upon the assumption of no bequest motive. 
While he does give brief informal consid- 
eration to the possibility that an individual 
might wish to leave an estate, he fails to 
notice a most important implication of the 
opportunity to purchase life insurance: 
amongst other things life insurance pro- 
vides a means of substantially augmenting 
(bequeathable) wealth conditional upon 
death at the expense of premia payments 
which reduce wealth conditional on survi- 
val. The effect of this is again most easily 
seen in the context of the single period 
model employed above, though, of course, 
it is necessary when discussing the bequest 
motive to include an explicit utility of 
bequeathable wealth which will be denoted 
by &(w), where w is bequeathable wealth. 


9Strictly speaking U(W) then becomes a utility 
function for initial realizable wealth and is well de- 
fined only if either total wealth (including all of the 
individual’s human wealth) is treated as parametric 
or those expenditure plans which are constrained by 
realizable wealth are independent of the nonrealizable 
portion of total wealth. 
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The value of life without life insurance is 
then given by! 





(4) _ OW | UW) — bw) 
dp pau /aw + (1 — p)d6/aw 


If, however, actuarially fair life insurance 
is available with premium, x, and net sum 
assured, y, related by 


(5) za L2} 


then, provided that initially 80/ðw > 
ðU/ð W, the individual will proceed to pur- 
chase life insurance up to the point at which 
dU(W — x)/aW just equals ðf (w + y)/ðw. 
It can then be shown"! that the value of life 
with life insurance (which will be denoted 
by -3 W/ðp | xxo) is given by 





© -27| UW- x) ~ We + y) 
Op x0 oU(W = x)\/aw 
+ (x + y) 


Comparing (4) and (6) it is clear that, while 
no unambiguous general restriction is im- 
plied concerning the relative magnitudes of 
the value of life with life insurance and the 
value of life without life insurance,’? it is 
nonetheless perfectly possible for the former 
to be somewhat less than the latter. Indeed 
it seems plausible that such a relationship 
would exist in the majority of cases given 
that an individual will presumably display 
a bequest motive largely because he wishes 
to provide for surviving dependants. By 
purchasing life insurance, the individual can 
mitigate the reduction in dependants’ in- 
come which would otherwise occur should 
he die and he is thereby able to reduce (to 
some extent) the distastefulness of the pros- 
pect of his own death. This in turn would 
tend to lower the value which the individual 
places upon a marginal reduction in the 
probability of his own death. 

It is clear, therefore, that under perfectly 


10See, for example, the author (1976). 

See, for example, Philip Cook and Daniel 
Graham. 

12For an individual who purchases life insurance, 
x+y > 0 by definition, On the other hand, if U and 
ĝ are both increasing and concave than U(W — x) — 
alw + y) < U(W) — Aw). 
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plausible circumstances either the existence 
of restrictions on the magnitude of an in- 
dividual’s currently realizable wealth and/ 
or the availability of life insurance will 
yield a value of life (and hence of life 
saving) for that individual which is lower 
than implied by Conley’s analysis. Thus, 
even if we view Conley’s paper as having 
the essentially taxonomic objective of 
identifying the conditions under which the 
value of life saving will (or will not) exceed 
human wealth the above limitations rather 
restrict the generality of his conclusions, 


III. Some Minor Errors and Omissions 


In addition to the objections noted so far, 
Conley’s paper also contains some minor 
errors and omissions which although po- 
tentially confusing and/or misleading do 
not affect his major conclusions. Briefly, 
these are: 

(a) Conley’s conditional probability 
relations are erroneous. He defines p™ as 
the conditional probability of survival 
“through” (presumably to the end of) pe- 
riod t, the conditioning event being that 
the individual is alive at the beginning of T. 
He then asserts that 


(7) p” = pp" 
and 
(8) p% = p™ pi p™ 


where subscripts denote partial derivatives 
with respect to activity x;7. 

Given his definitions, these relationships 
should, of course, be 


(9) p* = pT! pT(or pT pT+It) 
and 
(10) po 3 p-p pT" 


In addition, Conley later refers to pf as 
a “changed probability.” This terminology 
is grossly misleading in view of the fact that 
it is of course a rate of change (strictly, a 
partial derivative). 

(b) Conley’s treatment of the question 
of externalities is again potentially mislead- 
ing. He appears to suggest that within the 
type of analysis which he is conducting, 
externalities may be adequately reflected 
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through the presence of some of individual 
j’s activity levels in individual ïs utility 
function (i = j). What Conley fails to point 
out is that under conditions of uncertainty, 
externalities occur whenever there is inter- 
dependence between two or more individ- 
uals’ expected utilities and that this inter- 
dependence can occur either due to 
interdependent utilities (such as suggested 
by Conley) and/or due to interdependent 
probabilities. Thus it is quite possible for 
individual i to be completely indifferent 
concerning the extent of any of individual 
Ès activity levels per se (i.e., for the latter 
not to appear at all as arguments of i’s 
utility function) and yet for substantial ex- 
ternalities to exist because of interdepen- 
dence between expected utilities induced by 
interdependence between probabilities of 
survival. The most extreme version of this 
type of interdependence occurs in those 
cases in which safety changes possess the 
characteristics of pure public goods (for 
example, road safety schemes). 

(c) Conley quotes the empirical results 
of Thaler and Rosen as confirmation of the 
major theoretical finding of his paper. What 
he does not do, however, is to mention 
other published empirical work which is not 
so encouraging from his point of view. In 
particular, Stanley Melinek has obtained 
values of life (as defined by Conley) as low 
as £28 thousand—somewhat less than 
average human wealth for working adults 
in the United Kingdom. Furthermore, it 
is notable—especially in view of his claims 
to originality in the early paragraphs of the 
paper—that Conley does not refer to other 
theoretical work in the value of life field, 
broadly founded in the change-in-prob- 
ability-of-death (or survival) position, some 
of which predates his paper by more than a 
decade." 


BL, Needleman has recently published a paper in 
which he attempts to estimate the value of improve- 
ments in the safety of other people’s (typically close 
relatives) lives using data on kidney transplants. The 
latter constitute a good example of the kind of direct 
externalities under discussion since a transplant typi- 
cally generates a small increase in the probability of 
death for the donor and a large decrease in the prob- 
ability of immediate death for the recipient. 

14For example, see Dréze and Usher. 


716 THE AMERICAN ECONOMIC REVIEW 


IV. Conclusion 


It should be stressed that the above com- 
ments are intended more as a constructive, 
if somewhat cautionary, critique rather 
than as a destructive attack upon the core 
of Conley’s argument. It is, in fact, my view 
that Conley has made a very worthwhile 
contribution to the value of life literature, 
filling the gap between existing single pe- 
riod and continuous-time models," though 
in all fairness it should be noted that Usher 
has also developed and discussed a multi- 
period model, albeit rather less general 
than Conley’s. 

This is not the appropriate place to pre- 
sent a detailed comparison of the pros and 
cons of each of the alternative approaches 
to the analysis of the value of life (in par- 
ticular the single period, multiperiod, and 
continuous-time models). However, it is 
perhaps worth noting that the Conley- 
Usher multiperiod consumption models do 
seem to be vulnerable to the criticism that 
they accord undue importance to consump- 
tion per se. Now it seems reasonable to as- 
sume that most individuals would prefer, 
ceteris paribus, to die later rather than 
sooner. The Conley-Usher analyses seem to 
allow for such a preference only in the 
rather specific (and ons suspects limited) 
sense that they make lifetime utility an in- 
creasing function of lifetime consumption, 
the latter being to some extent, dependent 
on length of life.'® 


For examples of the single period models, see 
Dréze, Fromm or the author (1974). A continuous- 
time model is presented in the author (1976). 

16For example, Usher employs an additive-separable 
utility function for lifetime consumption having the 
form 


cÊ 
U(Co.C.. Cn) = =H 
t (+r 


where 8 and r are utility function parameters. Clearly 
by setting 8 = 1 the individual can be made indifferent 
to the length of time for which he survives provided 
that the discounted present value of lifetime consump- 
tion is maintained at a particular value. 
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The Value of Human Life in the Demand 
for Safety: Extension and Reply 


By BRYAN C. CONLEY* 


Both Philip Cook and Michael Jones-Lee 
criticize my assumption that the critical 
value above which the value of human life 
(VHL) exceeds income is “presumably at 
a low level of income.” In reply, I develop 
an extension to the original article, which 
eliminates this qualification, and recon- 
struct my model in light of their comments. 

In line with common usage, I had defined 
income as “expected discounted lifetime 
labor income” (p. 47) without any subtrac- 
tion of necessary expenditures as would be 
required in determining business net in- 
come. However, such expenditures must be 
so subtracted to properly define a meaning- 
ful net income. As a leading accounting 
text emphasizes: “In computing the net in- 
come (available for dividends) for a period 
all forms of expense incurred in the pro- 
duction of such net income must be pro- 
vided for” (Eldon Hendriksen, p. 62). Put 
another way, all of business net income is a 
surplus and may be taxed or distributed 
without any loss of output (in the short 
run). 

The public finance literature has similarly 
recognized that “consumption for subsis- 
tence should be deducted from [gross] in- 
come, regarding such outlays as a cost of 
production” (Richard Musgrave, p. 171), 
and “Adam Smith admonished that taxable 
income should be defined as ‘clear’ income, 
or as income above subsistence” (Mus- 
grave, p. 95). 

To define income accurately, one must 
therefore subtract from gross receipts a 
level of expenditure which allows continued 
work and makes the individual indifferent 
between life and death. Only gross receipts 
above this level are potentially taxable or 


*Graduate School of Business Administration, 
University of Southern California. I appreciate com- 
ments by Dennis Capozza, Hartry Field, and William 
Schulze, but responsibility for any error is mine. 
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available for safety expenditures. If a major 
share of gross receipts is taxed leaving funds 
less than subsistence (as measured by 
amount C° in Figure 2 of the original 
paper), the person will starve to death, 
otherwise perish, or commit suicide. Thus 
any useful definition of “net” income con- 
sistent with its inherent meaning as a mea- 
sure of surplus must subtract from some 
measure of gross income the expenditures 
necessary for subsistence living. The same 
holds for net consumption. 

However, subsistence income is difficult 
to measure and possibly highly variable 
among individuals. I expect it is on average 
at a “low” level of income, as argued below. 
Given this change, my results are valid 
under all circumstances. That is, if C’ = 
C—Ceand Y'= Y — Y°, VHL > C'(=Y') 
in all cases. Graphically, the slope of the 
tangent to any point on a curve, as shown 
in Figure 2, will always be less than the ray 
arising out of C° to the intercept value on 
U. We have found that VHL = {(U/C')/ 
(@U/aC')} - C', and the factor in brackets is 
the inverse of a’. Since it is also the slope of 
the ray divided by the tangent, from the 
previous line of reasoning, the quotient is 
always greater than one, a’ is always less 
than one and the value of human life is al- 
ways greater than consumption (where con- 
sumption and income are defined net of 
subsistence expenditures). 

Cook wishes “to provide a relatively 
transparent derivation of Conley’s major 
theoretical result, which avoids the com- 
plexity of his multiperiod model” (p. 710). 
A simple model of the main results is con- 
tained in my original footnote 16.! His last 
sentence is a reasonable caveat to my origi- 


l My simple model avoids his introduction of W/p. 
This term is eliminated in his equation (3) and only 
strengthens my results if it is positive. His equation 
(4) is contained on page 51. 
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nal model but one which available data 
supports.” 

Jones-Lee’s comments can best be ad- 
dressed by redevelopment of the paper. The 
major conclusion is a theoretical condi- 
tional statement: “for a value of expected 
lifetime consumption [equal to income] 
above some critical value where a? = 1, the 
value of human life exceeds expected life- 
time consumption” (p. 50). The validity of 
this statement is not questioned, but in- 
stead, objection is raised to the plausibility 
of assumptions. All models are validated 
through the accuracy of their predictions, 
the positivistic canon. On this account, my 
results have been confirmed.’ If all theory 
had to have its assumptions independently 
confirmed, we would have to dispense with 
most of economic theory. 

While the motivation for exploring the 
relationship between VHL and income was 
related to public policy, the purpose of the 
paper was stated in the introduction to be a 
theoretical paper describing a model which 
links VHL with wealth and utility function 
characteristics. 

The assumptions are standard for a 
choice-theoretic model designed to include 
uncertainty. One can adopt different sets 
of assumptions, some possibly more realis- 
tic, but clear-cut results will not emerge—a 
desired goal. It is still useful to state the 


“identifying relevant conditions’ from 
which a definite conditional statement 
arises. 


Of the dozen or so assumptions made, 
alternative specifications of the model 
would have led to higher or lower deter- 
minations of VHL. However, these are 
different models. Certainly an endowment 
of material wealth (W° > 0) would in- 
crease VHL. Several other specifications 
would also lead to higher values. 


2See Richard Thaler and Sherwin Rosen, Robert 
Smith, Stanley Melinek, and studies cited by Jones- 
Lee (1976). 

3To which he has no objections (his fn. 2). His own 
empirical results indicate a value in excess of £3 mil- 
lion (1976, p. 150). While Melinek states that 
“£50,000 would be a representative implied value of 
life’ (p. 108), his Table 2 indicates that maximum 
discounted earnings would be £28,800. 
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The model does not give ‘‘undue im- 
portance to consumption per se” (Jones- 
Lee, p. 716) as the individual’s ultimate ob- 
jective is expected utility and components 
of consumption are only part of the ac- 
tivities over which the individual has con- 
trol. Length of life is not an independent 
objective, but derived as part of the maxi- 
mizing process. People will generally strive 
for greater longevity as it reallocates ex- 
penditures from marginal consumption of 
relatively low marginal utility at younger 
ages to inframarginal consumption of high 
and low marginal utility at an older age. 

The model permits an individual to bor- 
row against future earnings, as Menahem 
Yaari and Nils Hakansson assumed in simi- 
lar theoretical papers. Such borrowing is 
feasible given the initial assumptions. Of 
course, “market imperfections” impede the 
practicality of extensive borrowings, but 
one can refer to the use of credit cards, 
student and other forms of unsecured 
loans. In practice, the level of safety ex- 
penditures is most likely a small fraction of 
one’s income (not initial wealth); therefore, 
financing safety expenditures is not crucial. 
The magnitude of expected future earnings 
will have its main effect on the choice be- 
tween early consumption and safety ex- 
penditures which increase survival prob- 
abilities. One must not confuse income with 
wealth. If an individual starts with zero 
initial wealth, but plans to save some of his 
income, he has the funds available for 
safety expenditures irrespective of his abil- 
ity to tap human capital. 

The amended model which includes a 
bequest motive contains the assumption of 
actuarial notes. These notes protect bene- ` 
ficiaries against an early death, and thus are 
life insurance. If without life insurance the 
distastefulness of death is higher, then the 
conclusion is further supported that 
VHL > C. 

The most cogent of the comments is that 
I did not provide any support or reason for 
assuming that the critical value is “low.” 


4Indeed, Jones-Lee (1976, p. 88) indicates that some 
human capital is marketable. 
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The original reason for ignoring what is 
certainly the key controversial issue of the 
article is that it is, strictly speaking, un- 
supportable. Witness my Figure 2. It was, 
however, my supposition that most econo- 
mists would recognize through indirect 
evidence that most utility curves, if their 
shape is at all measurable, exhibit consid- 
erably more curvature than Figure 2 offers. 

The magnitude of the critical value logi- 
cally depends upon the level of consump- 
tion (income) equivalent in utility to being 
dead and the curvature of the utility func- 
tion above C°. We observe many people 
living at very low levels of income both in 
this country and abroad. Some derelicts 
must be living at 10 percent of this coun- 
try’s median per capita income ($7,000) and 
many persons overseas live on considerably 
less. These people choose life over suicide 
because life is preferred. Almost all of the 
most destitute still cling to life. While some 
wealthy persons commit suicide, their be- 
havior exhibits depression for other than 
monetary reasons. I interpret the above as 
an indication that C° is a very .low (by 
American standards) level of income. 

‘The degree of curvature of the utility 
function above C° is harder to establish. 
However, the progressivity of the income 
tax schedule has often been interpreted as 
justified on account of the diminishing 
marginal utility of income. In addition, we 
observe that relatively poor people are 
quite willing to accept a considerable load 
above the actuarially fair payment in their 
insurance premiums. 

By way of illustration, consider a person 
with the quadratic utility function U(Y) = 
—1 + 2.5Y — Y°, where income is mea- 
sured in thousands of dollars per year. 
Since U(1/2) = 0, $500 is subsistence in- 
come. Also, the critical value Y* is $1,000. 
Let us suppose that the individual has half 
a chance of annual subsistence income of 
$500 (for a lifetime) and half a chance of 
$1,000 annual income (for a lifetime). The 
actuarial value is $250 above the assured 
$500 income. In lieu of this, he would ac- 
cept an assured income as low as $691 per 
year if he maximizes expected utility. Thus, 
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he gives up $59 of a $250 no load premium, 
for a load percentage of 23.6 percent. 

Since many poor people do buy insur- 
ance with comparable loads, we may con- 
clude that the utility function is not nearly 
linear with income. The critical value is at 
most a small multiple of subsistence in- 
come, and therefore below the actual in- 
come of most people, at least in developed 
countries, 

Even if the critical value should not be 
low, VHL must be close to Y. Since VHL = 
(Y — Y°)/a’ and a’ < 0, VHL can be less 
than Y by a maximum of Y°, which as pre- 
viously indicated is not large. 

In summary, the comments of Cook and 
Jones-Lee have afforded me an opportun- 
ity to further clarify my model, thereby 
providing some limited support to the as- 
sumption that the critical value is indeed 
low. Any further thoughts are actually well 
expressed in chapter 7, “Summary and 
Postscript,” of Jones-Lee’s book, to which I 
recommend the reader’s attention. 
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Inflation in Britain: 
A Monetarist Perspective: Comment 


By GEORGE FANE* 


David Laidler recently presented a 
monetarist perspective on British inflation 
in this Review. His analysis incorporated 
two distinctively ‘“‘monetarist’” proposi- 
tions: first, the adaptive expectations ver- 
sion of the natural rate hypothesis (VRH), 
according to which there is no permanent 
tradeoff between inflation and unemploy- 
ment, since events which cause unemploy- 
ment to fall below the natural rate of un- 
employment (NRU) also cause the actual 
inflation rate to exceed the expected infla- 
tion rate, and vice versa; and second, the 
claim (p. 487) that, at least since 1968, 
variations in the rate of monetary growth 
have caused short-run variations in real 
activity and unemployment. Combining 
these propositions Laidler argued that vari- 
ations in the rate of monetary growth deter- 
mine variations in the rate of inflation. His 
article attempted to use this model to ex- 
plain the variations in inflation and unem- 
ployment in Britain since 1953, and in 
particular to diagnose the causes of the 
failure of Keynesian policies after 1967 
despite their apparent earlier success. In 
explaining Britain’s recent experience of 
high inflation and kistorically high unem- 
ployment Laidler did not attribute any 
role to cost-push forces associated with 
union militancy or with rises in import 
prices. This note criticizes Laidler’s analysis 
on four grounds: 1) he underestimates the 
difficulties of reconciling NRH with the 
facts; 2) contrary to the second of the two 
distinctively monetarist propositions listed 
above, variations in the rate of growth of 
the money supply have not been closely cor- 
related with changes in real activity; 3) his 
explanation for the failure of Keynesian 


*Australian National University. I am grateful to 
Eric Kiernan and the referees for several helpful 
comments. David Laidler generously pointed out 
some of the faults in an eaclier draft. 
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fiscal policies after 1967, despite their ap- 
parent success before 1967, is wrong; and 4) 
Laidler is wrong to minimize or deny the 
contribution to Britain’s depressing record 
of high inflation and high unemployment in 
the 1970’s, of increases in union power and 
militancy and of increased world prices of 
imported raw materials. These points are 
dealt with in the next four sections. The 
conclusions are given in the last section. 


I 


Contrary to the impression given by 
Laidler (pp. 487, 490-91, 495-96) NRH 
has not explained Britain’s inflationary ex- 
perience: his Figure | shows that there has 
been a long-run increase in unemployment 
over the period 1953-75, accompanied by a 
long-run acceleration of inflation. The in- 
troduction of the earnings-related supple- 
ment to unemployment benefits in October, 
1966 presumably did raise NRU. However 
Laidler’s Figure | shows that even within 
the subperiod 1967-75 there has been a gen- 
eral upward trend in unemployment, ac- 
companied by a sharp acceleration in infla- 
tion; and in the subperiod 1953-66 there 
was a Slight upward trend in unemployment 
but no clear trend in the rate of inflation. 
Given Laidler’s assumption that expecta- 
tions are formed adaptively, changes in the 
rate of inflation can never be fully antici- 
pated; under these conditions NRH predicts 
that changes in the rate of inflation will be 
inversely correlated with the level of unem- 
ployment. Thus for the whole period, and 
even within each subperiod, the observed 
movements in unemployment and inflation 
conflict with the predictions of NRH. Laid- 
ler however “explains” the facts by intro- 
ducing whatever ad hoc adjustments to 
NRH are necessary in order to explain 
them. When the expectations augmented 
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Phillips curve appears to shift, he appeals 
to the way in which the 1967 devaluation, 
the Vietnam War inflation, and the destruc- 
tion of the Bretton Woods system impinged 
upon Britain (p. 487); the unusually slow 
growth of real wages in the mid-1960’s 
(p. 490); the short-term effect of wage and 
price controls on wages in 1966-68 (p. 490); 
lags in the adaptation of expectations to an 
accelerating and largely imported price in- 
flation (pp. 490-91); an increased dispersion 
of demand both between industries and re- 
gions during the 1972-73 boom (pp. 495- 
96); demographic factors associated with 
the low birth rate of the interwar years 
coupled with the high postwar birth rate 
(p. 496); the “shake out” of formerly hid- 
den unemployment by firms during the 
recession of 1970-71 (p. 496); and the in- 
creases in unemployment benefits in the 
mid-1960’s (p. 496). Although there have 
been frequent changes in most of these fac- 
tors during the postwar period Laidler 
never considers their possible relevance on 
the various. occasions when NRH gives cor- 
rect predictions, Nor is an extensive list of 
adjustments wholly redundant if one wishes 
to reconcile NRH with the facts, since it 
appears to be impossible to explain the 
necessary shifts in the Phillips curve from 
the changes in unemployment benefits 
alone: Laidler refers to the study by Dennis 
Maki and Z. A. Spindler, but their esti- 
mates suggest that the increase in unem- 
ployment benefits from the average value 
for the period 1953-65 to the average for 
the period 1967-72 raised the unemploy- 
ment rate by less than 1 percent, whereas 
the required rise in WRU is 2 percent or 
more; the Phillips curve estimates of Mal- 
colm Gray, Michael Parkin, and Michael 
Sumner suggest that NRU rose from 1.8 
percent in the late 1950’s and early 1960's 
to 3.7 percent by 1968; Gray, Parkin, and 
Sumner also indicate (p. 43) that the esti- 
mated NRU for the past-1968 period would 
have been even higher than 3.7 percent if 
they had not included in their Phillips 
curve a separate dummy variable for the 
period 1971-72. Indeed the inclusion of 
this variable implies an estimated NRU of 
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5.6 percent for 1971-72 (assuming an un- 
derlying trend rate of productivity growth 
in this subperiod equal to that for the full 
period 1968-74). By assuming that NRU is 
a function of unemployment benefits it 
should in principle be possible to eliminate 
dummy variables from the Phillips curve 
and to test whether changes in these benefits 
can explain the shifts in the Phillips curve 
which are needed to reconcile NRH with 
the data. This was attempted by Parkin who 
included a benefits variable and a 1966 shift 
dummy, however he found both variables 
statistically insignificant. 


Il 


Laidler claims (pp. 486-87) that there 
has been a particularly marked pattern, 
from 1968 onwards, between monetary ex- 
pansion and inflation, with a two-year lag. 
He argues that the transmission mechanism 
for this process involves the Phillips curve. 


` Laidler appears to believe that the lag be- 


tween monetary changes and changes in un- 
employment is about one year,'! which 
would imply another lag of about one year 
between unemployment and price inflation. 
However, given Laidler’s transmission 
mechanism, one should not expect to ob- 
serve the regular two-year lag between 
monetary expansion and inflation in the pe- 
riod after 1968 since the Phillips curve 
“... vanishes between 1967 and 1971 ...” 
(p. 487). Careful inspection of Laidler’s 
Figure 1 reveals that the regular two-year 
lag is preserved only because both parts of 
his transmission mechanism broke down in 
this period: the disappearance of the 
Phillips curve was offset by the fact that 
the unemployment rate increased from late 
1970 until early 1972, despite an upturn in 
the rate of growth of the money supply 
which began in late 1969 or early 1970 and 
continued beyond early 1971.7 To preserve 


l He attributes the rising unemployment of 1974-75 
to the monetary contraction of 1973-74 (p. 499). 

2Superimposed on the very large increase in the 
rate of growth of M; between 1969 and 1972 there was 
admittedly a small dip in 1971. If one expected to ob- 
serve a one-year lag between changes in monetary R 
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Laidler’s suggested transmission mech- 
anism it would be necessary to argue that 
the lag between monetary changes and real 
changes was much longer in the case of the 
upturn in the rate of monetary growth, 
which began in late 1969 or early 1970, than 
it was in the case of the monetary contrac- 
tion which began in 1973. In the former 
case unemployment only began to fall in 
1972, whereas in the latter case it began to 
rise in early 1974. A more plausible ex- 
planation for the upturn in unemployment 
in 1974, given the reduction in real dis- 
posable income caused by the deterioration 
in the terms of trade in 1973-74, is that the 
demand for imported fuels and raw mate- 
rials is inelastic and that the demand for 
domestic goods therefore fell. This contrac- 
tionary effect more than offset the lagged ef- 
‘fects of the expansionary monetary and 
fiscal policies of 1972 and early 1973. 


Il 


Laidler’s explanation for the failure 
after 1967 of the policy of pursuing high 
employment with fiscal policy, despite the 
apparent success of this policy before 1967 
is that 


A fixed exchange rate and a low in- 
flation rate in the world economy lay at 
the root of the apparent success of 
Keynesian policies in Britain before 
1967. These policies led to the devalua- 
tion of 1967, which coincided with the 
beginning of the Vietnam War inflation 
that ultimately destroyed the Bretton 
Woods system. The way in which these 
changes impinged upon Britain ac- 
counts for the temporary disappear- 
ance of the Phillips curve after 1967. 

[p. 487] 


This explanation is somewhat obscure. 
What is clear is that a rational expectations 





growth and changes in unemployment one would 
therefore have expected to observe a large decline in 
unemployment between 1970 and 1973, interrupted by 
a small increase in 1972. Seasonally adjusted un- 
employment actually rose throughout 1970-71, 
peaked in the first quarter of 1972, and then declined 
until late 1973. 
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model would provide no reasons for sup- 
posing that a fixed exchange rate and a low 
rate of inflation in the world economy are 
either necessary or sufficient for the main- 
tenance of low rates of domestic unem- 
ployment and inflation: in an open econ- 
omy with a freely floating exchange rate 
domestic inflation is a weighted average 
of the actual and expected rates of domestic 
monetary expansion.’ If the exchange rate 
is fixed then the domestic inflation rate is a 
weighted average of the actual and expected 
rates of domestic and foreign monetary 
expansion. In both cases unemployment 
only differs from NRU to the extent that the 
relevant rates of monetary expansion are 
incorrectly estimated. In contrast to these 
results Laidler sets out an adaptive ex- 
pectations model (pp. 487-88) according to 
which there is a quasi long-run tradeoff be- 
tween unemployment and inflation in an 
open economy with a fixed exchange rate: 
in his model it is possible for the authorities 
to keep unemployment below NRU, at the 
expense of having a somewhat higher rate 
of domestic inflation than the world rate. 
Eventually such a policy will deplete for- 
eign exchange reserves, but in the mean- 
time unemployment can be kept systemati- 
cally below NRU without causing an 
acceleration of domestic inflation. These 
results depend crucially on the mechanistic 
way in which expectations are formed in 
Laidler’s model, since in a rational expecta- 
tions model there is no systematic way in 
which the authorities can keep unemploy- 
ment below NRU, provided that there is 
no way of inducing people systematically to 
underestimate the relevant rates of mone- 
tary expansion. 

Laidler claims that “... over the period 
1953-67, too low an unemployment target 
was set ...” (p. 488). It is much more 
plausible to argue that the key to the 


3Changes in fiscal policy are ignored, Such changes 
would complicate the exposition of the properties of 
the models discussed in this section without affecting 
the essence of the conclusion that under rational ex- 
pectations, and assuming that all factors are supplied 
inelastically, only unanticipated policy changes affect 
real activity and unemployment. 
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lengthy pre-1967 success of fiscal policy was 
that the unemployment target was usually 
set about equal to NRU. Had the au- 
thorities attempted to keep unemployment 
below NRU, Britain could never have 
maintained a fixed exchange rate for so 
long, given the low rate of inflation in the 
world economy. 

To explain the bad performance of the 
British economy after 1967 one must ex- 
plain not only the acceleration of inflation 
but also the rise in unemployment. This 
can be done by postulating an increase in 
NRU; but this increase can not plausibly be 
attributed to devaluation, the Vietnam War 
inflation, or the collapse of the Bretton 
Woods system as implied by the above 
quotation. Rapid inflation was inevitable 
in the period after 1967, given the actual 
rate of monetary growth. However, had 
NRU not increased sharply during this 
period, the rapid monetary and fiscal ex- 
pansion would have induced a temporarily 
low level of unemployment, even by his- 
torical standards. Nor were the inflationary 
policies which Britain has pursued since 
1967 a mere aberration; they were a re- 
sponse to the pressures on successive gov- 
ernments to use monetary and fiscal ex- 
pansion in vain attempts to restore the low 
levels of unemployment to which the 
electorate had become accustomed in the 
period before 1965, despite the subsequent 
increases in NRU. Therefore the key to the 
initial successes and subsequent failures of 
postwar demand management policies in 
Britain does not lie in the exchange rate 
system, or the rate of world inflation, but 
in the initial agreement and subsequent 
divergence between NRU and the govern- 
ment’s target rate of unemployment. 


IV 


There is a sense in which Laidler’s posi- 
tion is similar to that of the exponents of 
cost-push inflation whom he.criticizes: an 
exogenous increase in NRU will have simi- 
lar effects to those usually attributed to 
cost-push inflation. Admittedly some of the 
proponents of cost-push inflation appear to 
believe, wrongly, that a permanent process 
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of inflation can occur without sustained 
monetary expansion. However the cost- 
push arguments can be rephrased in NRH 
terms: Marcus Miller did this for the case in 
which import prices rise while the terms of 
trade deteriorate, using John Hicks’ (1974, 
ch. 3; 1975) model of real wage resistance, 
and it is obvious that a change in union 
power or attitudes can alter NRU. Both 
these factors could raise unemployment and 
the price level, even if the money supply 
were held constant. In my view these factors 
are more plausible than many of Laidler’s 
special explanations: Millers analysis 
shows the importance of the interaction be- 
tween import prices and wage indexation 
in 1974 and it seems hard to deny that the 
power and militancy of the trade unions 
have increased in the last decade: the pick- 
eting of power stations and the use of the 
“work to rule” are techniques which have 
been refined during this period, and succes- 
sive government attempts to reform the 
legal framework of industrial relations 
have been defeated by the unions. 

Finally, if expectations are formed ra- 
tionally rather than adaptively, an antici- 
pated monetary or fiscal stimulus can be 
immediately offset by higher wages and 
prices. This hypothesis could conceivably 
explain the acceleration of inflation despite 
the absence of abnormally low unemploy- 
ment, but can not by itself explain the 
conjunction of rising unemployment and 
accelerating inflation. This conjunction 
might be explained, in part, by postulating 
that unions expected governments to offset 
the otherwise contractionary effects of 
deteriorations in the terms of trade by even 
more expansionary policies than were in 
fact adopted. Laidler does not refer to the 
rational expectations hypothesis. He does 
refer to Hicks and to the many sociological 
theories of increased union militancy. How- 
ever all these references are either openly 
or implicitly critical. 


V 
The natural rate hypothesis can explain 


Britain’s experience of inflation and un- 
employment only by postulating several ad 
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hoc adjustments to the basic theory. The 
result is not a real explanation, since the 
required adjustments must more than offset 
the basic prediction of the simple theory 
that, following a long period of fairly steady 
inflation and unemployment, a secular in- 
crease in unemployment will reduce the rate 
of inflation. The various sociological and 
cost-push explanations are also ad hoc; 
indeed they are indistinguishable from some 
versions of NRH in the sense that the main 
ideas behind the sociological and cost-push 
explanations can be rephrased in NRH 
terms. The resulting explanations of British 
experience then amount to ad hoc explana- 
tions for the presumed increases in NRU. 
The controversy over the explanation of 
Britain’s experience can therefore be re- 
duced to two questions: firstly, should the 
various sociological and cost-push explana- 
tions be rephrased in NRH terms? If so, 
which explanations for shifts in NRU are 
most plausible? I accept the theoretical 
argument according to which a long-run 
tradeoff between inflation and unemploy- 
ment must involve permanent money illu- 
sion. This has been denied by James Tobin; 
however in the present context, the dis- 
crepancy between theoretical predictions 
and facts becomes even worse if one expects 
to observe a permanent tradeoff between 
inflation and unemployment. For these rea- 
sons I am convinced that the sociological 
and cost-push theories should be rephrased 
in NRH terms. On the second question, I 
agree with Laidler that more generous un- 
employment benefits probably did raise 
NRU; however, it seems implausible to 
deny or to seek to minimize the importance 
of either increased union power and mili- 
tancy or the effects of large increases in the 
world prices of imported raw materials rela- 
tive to the world prices of the manufactured 
goods with which British exports compete. 
In our present state of knowledge these 


FANE: INFLATION IN BRITAIN 725 


three reasons for adjusting the predictions 
of NRH offer the least unsatisfactory ex- 
planation of Britain’s experience of infla- 
tion and unemployment. However, con- 
fidence in the predictive and genuinely 
explanatory power of NRH could only be 
restored by an empirical Phillips curve 
study which explained any apparent shifts in 
the curve, not by introducing dummy vari- 
ables, but rather by explicitly measuring 
and incorporating the factors which are 
presumed to cause these shifts. 
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Inflation in Britain: 
A Monetarist Perspective: Reply 


By DAVID LAIDLER* 


George Fane uses adjectives such as ‘“‘ad 
hoc,” “obscure,” ‘“‘mechanistic’” not to 
mention “wrong” to characterize aspects of 
my discussion in this Review of recent 
British inflation; so it is safe to assume that 
he disapproves of it. However it is one thing 
to express disapproval, and another thing 
to justify it. Fane does not back up his as- 
sertions of disagreement with convincing 
arguments. 

To begin with I quite agree with Fane 
that the natural unemployment rate hy- 
pothesis, combined with an application of 
the adaptive expectations mechanism to 
the generation of the expected domestic 
inflation rate, will not explain recent British 
experience. I never claimed that it would. 
It is clear that, if a monetarist explanation 
of inflation is to be reconciled with the facts 
of the behavior of the price level and the 
unemployment rate in the British economy 
since 1967, two things must be shown to 
have happened. First it must be shown that 
the expected inflation rate accelerated after 
1967 independently of the past behavior of 
the domestic price level. Secondly it must 
be shown that the natural unemployment 
rate of the British economy increased. My 
argument proceeded along just such lines. 
I pointed to several factors as being respon- 
sible for these changes. It is refreshing for 
a monetarist to be criticized for having 
adopted a multicausal explanation of a 


series of events and that is what Fane does. | 


In particular he remarks that “although 
there have been frequent changes in most 
of these factors during the postwar period, 
Laidler never considers their possible rele- 
vance on the various occasions when the 
natural rate hypothesis gives correct predic- 
tions” (p. 722). Both assertions are inac- 
curate. 


*University of Western Ontario. 
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I attributed the step-up in inflation ex- 
pectations to the devaluation of 1967, and 
the simultaneous acceleration in the world 
inflation rate. The devaluation was a unique 
event in the post-Korean War period, and 
its effect on inflation expectations has been 
thoroughly investigated by other workers, 
(see John Carlson and J. Michael Parkin). 
Data presented in my paper showed that 
the acceleration in the world inflation rate 
that began in the late 1960’s was a new 
phenomenon, completely distinct from any- 
thing that had happened before. Moreover 
the effect of the world inflation rate on 
British inflation expectations, as well as on 
those in a number of other countries, was 
investigated in much more detail for the en- 
tire post-Korean War period by Rodney 
Cross and the author. 

Among factors affecting the natural un- 
employment rate, I referred to changes in 
unemployment benefits introduced in 1966. 
Since Fane seems to agree that these did 
affect the natural unemployment rate, there 
is no need to comment on this matter fur- 
ther. However I also referred to changes in 
the demographic structure of the labor 
force that took place in the late 1960’s. J. I. 
Foster shows that such changes did take 
place, and were unique in postwar history. 
According to Jim Taylor’s work (for ex- 
ample, 1972) the shake out of formerly 
hidden unemployment was a phenomenon 
that became important for the first time at 
the turn of the decade. Only when it comes 
to the matter of the role of the dispersion 
of demand between industries and regions 
during the 1973 boom is there any basis 
to Fane’s assertion that I have failed to 
consider the relevance of such a factor at 
other periods, but even here it is worth 
noting that the National Institute found 
the data on this phenomenon striking 
enough to warrant extensive comment in 
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the November 1973 issue of their Review. 

I also dealt with the behavior of real 
wages during the period 1969-71. I sug- 
gested that their rapid growth over these 
years might be explained in terms of a 
catch-up effect after unusually slow growth 
in the middle 1960’s, which might partly 
have been attributable to short-term effects 
of wage controls. Here, I presented data to 
show that the unusually slow growth of real 
wages in the mid-1960’s was something 
which had not been experienced in earlier 
times. Moreover the study which I cited in 
support of my claim that wage controls had 
been effective in 1966-68 (see Taylor) gave 
no indication that such controls had had a 
similar influence during earlier periods. In 
short, on every factor, save one, that Fane 
mentions, I either presented data myself, or 
- cited a study which presented data on the 
influence of that factor at other times, data 
which in each case showed it to be playing a 
special role in the 1967-72 period. 

Fane challenges my suggestion that from 
1968 onwards the time path of the inflation 
rate in Britain can largely be explained in 
terms of the behavior of the monetary ex- 
pansion rate. He asserts that “given Laid- 
ler’s transmission mechanism, one should 
not expect to observe the regular two-year 
lag between monetary expansion and infla- 
tion in the period after 1968 since the 
Phillips curve ‘vanishes between 1967 and 
1971’” (p. 722). But of course what Fane 
refers to as ‘“‘Laidler’s transmission mech- 
anism” runs from money to excess demand 
to the inflation rate, given the state of infla- 
tion expectations. The role of measured un- 
employment is to act as a proxy for excess 
demand. Since, as I have already explained, 
I believe that the relationship between un- 
employment and excess demand was chang- 
ing during the period 1967-71, there is no 
particular reason tc believe that we should 
not observe a conventional money-inflation 
rate relationship over this period despite the 
fact that the unemployment-inflation rate 
relationship was shifting. The behavior of 
the unemployment rate during the period 
1967-72 is not a good indicator of the 
behavior of excess demand. 
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Fane is on stronger ground when he 
notes that the lag between the upturn in 
monetary expansion in 1970 and that in real 
activity in 1972 is longer than that mani- 
fested in the subsequent downturn. Of 
course a monetarist should not be too 
troubled to find that there is a longer lag 
between a monetary change and an upturn 
in real activity than between a monetary 
change and a downturn. That state of 
affairs conforms qualitatively to the “‘styl- 
ized facts” about the nature of the lag be- 
tween monetary policy and economic ac- 
tivity. Nevertheless, further reflection has 
persuaded me that there might be some 
substance to Fane’s concerns about the 
timing of money-real activity-inflation rate 
changes during this period. In retrospect, I 
might have been better advised to dis- 
tinguish between changes in the behavior 
of the money supply that were coming 
through the balance of payments, and 
changes that were stemming from domestic 
credit expansion during the first part of this 
period. It was not until 1972 after all that 
Britain adopted something resembling a 
flexible exchange rate. It is clear that the 
upturn in the behavior of the British mone- 
tary expansion rate that began in 1970 was 
initiated by the balance of payments and 
only subsequently kept going by domesti- 
cally generated credit expansion. Thus it 
may be true that the data which I presented 
did artificially prolong the lag between 
monetary and real changes over the years 
1970-72. Further work on this episode is 
obviously called for. 

As to the downturn that began in late 
1974, I continue to find the attribution of 
this by Fane, and for that matter by Marcus 
Miller, to the effect on real income of a de- 
terioration in the terms of trade largely as- 
sociated with the oil price increase of 1973 
extremely implausible. The development of 
the North Sea oil fields was well underway 
by 1973 and this implies that the change 
in oil prices did not have the same effect on 
British permanent income as on current 
income. Indeed it may well have increased 
permanent income, which is surely the 
relevant income variable as far as aggregate 
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demand determination is concerned. I 
readily concede that this is not a matter 
which can be settled by assertion and 
counterassertion. Not the least of OPEC’s 
sins was to spoil a crucial experiment on 
the nature of the inflationary mechanism 
in the British economy by introducing an 
extraneous factor whose presence makes it 
difficult, but I hope not impossible, to carry 
out the empirical historical work which is 
required to settle the matters at stake here 
in a fashion that will convince people on 
both sides of the debate. Before such work 
can be carried out though, those who like 
Fane reject the monetary explanation of 
the 1974 downturn will have to explain 
what it is about their view of the way that 
money affects economic activity that leads 
them to believe that a fall in the monetary 
expansion rate (M3) from a level close to 
30 percent per annum in early 1973 to less 
than 15 percent per annum from late 1973 
onwards would not have led to a severe 
recession in the absence of the oil price 
shock. Until they do, monetarists like my- 
self, who predicted the downturn before it 
occurred and (pace Miller) called for more 
not less expansionary monetary policy in 
early 1974 will remain at a loss to know 
what evidence to confront them with (com- 
pare my evidence in House of Commons). 

I find Fane’s criticism of my account 
of why Keynesian policies in Britain 
seemed to work before 1967 puzzling. 
It is quite true that what he calls a “‘ra- 
tional expectations model’ would pro- 
vide different results to the equation which 
I used. But that equation, mechanical as it 
may be, does at least have the support of 
some empirical evidence, being based on 
the work of Cross and the author. Fane’s 
rational expectations framework, in which 
inflation expectations depended upon 
monetary expansion rates at home and 
abroad, and perhaps fiscal policy as well, 
has not, as far as one can tell from his 
paper, been put to any empirical test. It 
may provide a better explanation of the 
facts than does my equation, but it is a long 
step from asserting that it might do so to 
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showing that it does. Moreover, I find it 
strange that Fane should espouse such a 
model, given his insistence that trade union 
militancy and rising import prices played 
an important role in generating British 
inflation. If union militancy and rising im- 
port prices do cause variations in the do- 
mestic inflation rate, then these variables, 
rather than monetary expansion rates and 
such, should be the determinants of rational 
expectations about the inflation rate. 

But really, there is not all that much dif- 
ference between Fane and myself about 
many of these matters. It is common 
ground between us that the natural unem- 
ployment rate increased after 1967 and that 
failure to recognize this fact lay at the root 
of the overexpansionary policies carried out 
in the 1970’s. Reading between the lines of 
Fane’s argument a little, I wonder if he 
would disagree that the exchange rate 
regime was important to the extent that un- 
der fixed rates such policies would have led 
to a balance-of-payments crisis—as they did 
in 1964—but that under a flexible rate their 
impact was diverted to the exchange rate 
and the price level. Certainly that would be 
my position. All that lies between us is a 
minor disagreement about whether the 
average rate of unemployment before 1967 
was about right, as Fane suggests, or a little 
too high as I suggested. Here I would note 
that R. J. Ball and T. Burns appear to agree 
with me, and cite the undervaluation of 
sterling in the 1950s as a factor that pre- 
vented a major balance of payments prob- 
lem materializing before the mid-1960’s, 
That is a factor which I ought not to have 
neglected in my original paper. 

Finally let me note one comment in 
Fane’s paper with which I strongly agree. I 
do think it would be possible to reformulate 
at least some versions of the “union mili- 
tancy” hypothesis of British inflation in 
natural unemployment rate terms, and | 
agree that if this were done some interesting 
testing of alternative points of view could 
be undertaken. Until such work is done, 
however, and shows that union militancy 
has made an important difference to the 
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natural unemployment rate in Britain since 
1967, I remain impenitent about downplay- 
ing its significance. 
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Externalities, Extortion, and Efficiency: Comment 


By DANIEL W. BROMLEY* 


In a recent article George Daly and J. 
Fred Giertz (D-G) assert that: “... general 
agreement has not been achieved regarding 
either the likelihood of extortion or its 
probable impact on the allocation and dis- 
tribution of resources in environments 
characterized by harmful external effects” 
(p. 997). They proceed to define extortion 
as: 


...the act of obtaining payments 
from some entity in return for not im- 
posing upon that entity some harmful 
effect, where the generator of the ex- 
ternal effect receives no direct net in- 
ternal benefit from the act. It is very 
important to distinguish between what 
we have labeled extortion and other 
bargaining situations where the ex- 
ternality generating party does receive 
direct net benefits. [p. 998] 


While this notion of extortion seems at 
odds with the conventional definition, the 
crucial weakness of the D-G formulation is 
the set of conclusions derived from their 
model; conclusions which appear to be arti- 
facts of their theoretical construct. 

They conclude that normal bargaining in 
situations where extortion might exist leads 
inexorably to maximum social welfare, 
while extortionistic bargaining could, un- 
der the most favorable circumstances (zero 
transaction costs), merely duplicate the 
results of independent behavior which pro- 
duces allocative efficiency directly. They 
further conclude that (with nonzero trans- 
action costs) extortion can only reduce 
social welfare. In the following I will dem- 
onstrate that: 1) normal bargining does not 
necessarily lead to a maximum social wel- 
fare; 2) even with zero transaction costs 


*Professor, department of agricultural economics, 
University of Wisconsin-Madison. I am grateful to 
Andy Dragun, Basil Sharp, and several anonymous 
reviewers for valuable suggestions. 
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extortionistic bargaining need not merely 
duplicate the individual actions which 
would otherwise result; and 3) when trans- 
action costs are positive extortionistic bar- 
gaining can yield enhanced social welfare. 


I. On Property Rights, Pareto Optimality, 
and Public Policy 


Before turning to an explicit treatment of 
extortionistic bargaining it is necessary to 
establish the relation between the assign- 
ment of property rights (entitlements) and 
my conclusions regarding Pareto optimal- 
ity. Using E. J. Mishan’s smoking example 
we can consider a two-person situation— 
smoker (S) and nonsmoker (N). 

In Figure 1 the two points (L and L) on 
the contract curve represent equilibrium 
positions of the two-person world under 
two possible structures of property rights. 
If smoking is allowed in public buildings 
we find ourselves at point L and individual 
N is on a lower indifference curve than if 
smoking were not allowed. Conversely, if 
smoking is not allowed (Z) then it is S who 
is dissatisfied. What L and L represent then, 
are two possible goods bundles, bundles 
which are made possible by a set of rules 
which govern behavior of the would-be 
smoker (S). Under either institutional 
structure we can assume efficiency in our 
two-person world. 

If we assume a starting point-—an initial 
structure of entitlements—which is permis- 
sive of smoking in public places (call it L 
law) we start at point Z in Figure 1; G 
shows the allocation of other goods as be- 
tween S and N, while SS and SN show 
their respective consumption levels of 
smoke—a “good” for S, a “bad” for N. 

If we take this entitlement as the status 
quo ante and inquire as to possibilities for 
negotiations between the two we might 
imagine that the issue would be a debate 
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over the right (entitlement) to smoke in 
public places.! Notice here that the bar- 
gaining is not of the typical sort where 
efforts are directed toward a movement to 
the contract curve. Assume an initial situ- 
ation in which all of those sorts of bargains 
have been exploited and the issue now is 
one of an abrupt change in public rules—a 
ban on smoking. This bargaining over 
property rights (or entitlements) has pro- 
found effects on the bundle of goods pro- 
duced in society—we get a different out- 
put of trout and paper products depending 
upon whether it is the pulp mills or the 
trout lovers who possess the entitlement to 
streams and rivers; for it is the initial struc- 
ture which then determines who must buy 
out whom,? Assume that N favors the 
prohibition of smoking (call it Z law) and 
would be willing to pay a certain sum to S 
to agree to a change in entitlements.? The 
amount that N would be willing to pay to 


\Indeed smoking is not permitted in an increasing 
number of public buildings (or portions thereof). 

2For a more detailed discussion see the author. 

3 Assume a need for unanimity on such rule changes. 
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S to move from point L to L is the com- 
pensating variation and is reckoned in 
Figure 1 as the distance AC. However, in 
deciding whether or not to accept the offer 
S will compute the welfare loss as the dis- 
tance AB; the net compensating variation is 
negative (B-C) and S would not agree to a 
change. An observer would therefore con- 
clude that a law permitting smoking (L law) 
was optimal since it was impossible to im- 
prove N’s utility without diminishing S’s 
utility. 

Now assume that we start from a struc- 
ture of entitlements where smoking in 
public places is not allowed (L law). Here it 
is S who must bear the transaction costs of 
negotiating with N. The maximum offer 
which $ would make to N is reckoned as 
XY, while N’s loss from a change in en- 
titlements is XZ. Again, the loss to the 
party opposed to the change exceeds the 
maximum willingness to pay of the propo- 
nent and N would not agree to the restruc- 
turing of entitlements. As before, the initial 
assignment of entitlements bestows an ad- 
vantage on the already favored member 
of society and no “bargain” could be 
struck—the gainer (S) is unable to buy out 
the loser (N). An observer would therefore 
conclude that the law prohibiting smoking 
(L law) was optimal. 

We thus see that the policy implications 
of costless (or nearly so) bargaining over 
the structure of entitlements are crucially 
dependent upon the initial assignment of 
rights. Under one initial condition a law 
permissive of smoking is considered ‘‘op- 
timal,” while under another initial condi- 
tion a law prohititing smoking is consid- 
ered optimal. 

In a world with nonzero transaction 
costs, the incidence of such costs and the 
implications for the outcome are impor- 
tant. Under Z law it is N who must bear 
these costs to induce a change in the law to 
L; this further reduces the net gain (the 
compensating variation) to N and exacer- 
bates the extent to which the current situa- 
tion appears optimal. Under an L law 
where smoking is prohibited in public 
buildings the burden rests with S. Again, 
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with nonzero transaction costs falling on S, 
the potential gain from a change in prop- 
erty rights is reduced and the current situa- 
tion appears to be optimal. The apparent 
efficient (optimal) outcome is a function of 
the status quo distribution of property 
rights and income, 


IJ. Enter Extortion 


While extortion can be thought of as 
mere coercion, its more common connota- 
tion—and the one employed by D-G— 
carries the implication of payments made 
by a party to preclude something unwanted 
from taking place. There is yet another 
point which D-G chose not to stress—legal 
and illegal behavior. Perhaps the classic 
notion of extortion is the collection of 
“fire insurance premiums” from big-city 
businesses to prevent “‘accidental’’ fires. 

In the current context, and under a per- 
missive smoking law (L), extortion would 
exist only if N were able to extract a pay- 
ment from S to permit smoking in public 
places. We might imagine that the price N 
would seek from S would be sufficient to 
compensate N because of the unwanted 
law—this would be the magnitude AC 
which would permit N to attain the same 
indifference curve as could be attained with 
E(N,). Individual S would clearly gain by 
paying at least AC to N (assuming that N 
had the means to prevent smoking in the 
absence of the payment even though S had 
the entitlement), and might even be willing 
to pay (almost) AB; an extortionistic bar- 
gain could be struck, with X made at least 
as well off by the payment from S to smoke 
(and perhaps better off if part of AB were 
forthcoming), and with S still having a 
small surplus. 

Whereas positive transaction costs 
merely reinforce the status quo ante in 
normal bargaining situations, here the out- 
come is significantly affected. The mag- 
nitude BC is the bargainable surplus and 
therefore sets the upper bound on the level 
of transaction costs; this is a function of 
the tastes and preferences of S and N. In 
the current example the transaction costs 
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fallon N to extort a payment from S and 
we would therefore expect that very low 
transaction costs (including zero) would 
facilitate extortion. However, as such costs 
approach the magnitude of the bargainable 
surplus (BC) extortion would cease to be 
feasible since its costs would exceed the 
gain to the initiating party (N). 

If we switch to an initial situation char- 
acterized by a ban on smoking (Č law), ex- 
tortion would enter only if S attempts to 
extract a payment from N in order to re- 
frain from doing that (smoking) which is 
not permitted. The possible gain to S has a 
lower bound of XY; this is the amount that 
would leave S as well off as if smoking were 
permitted. S would try for more, but 
would settle for XY; N, on the other hand, 
would be willing to pay no more than XZ 
since this represents the loss if smoking 
were allowed. That is, N would surely be 
unwilling to pay more to prevent S from 
smoking since the former would be less well 
off than if S were allowed to smoke (L). 
Since XZ is the maximum that N would pay 
to prevent S from smoking in public build- 
ings, it also represents the limit on bargain- 
ing before N would agree to vote for a 
change in the law (assuming unanimity for 
such changes). With zero transaction costs 
(TC) a bargainable surplus of YZ exists 
which would be sought by S. With S bear- 
ing the transaction costs, as such costs be- 
came large this would diminish the bar- 
gainable surplus until TC = YZ. Here, 
extortion would stop. 


HI. On Normal Bargaining, Extortion, 
and Social Welfare 


Daly and Giertz conclude their analysis 
by stating that: 


Conventional bargaining ... can 
lead to a superior resource allocation 
and therefore, depending upon the size 
of the transactions costs, may improve 
social welfare according to the Pareto 
criteria. On the other hand, the possi- 
bility of ... (i.e., extortion) ... can 
under the most favorable conditions 
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(with zero transactions costs) only 
duplicate the results of independent 
behavior which produces allocative 
efficiency directly. With any positive 
level of bargaining costs, extortion will 
clearly lead to a reduction of social 
welfare since scarce resources are 
utilized in the process of negotiation 
while failing to improve the allocation 
of resources. [pp. 999-1000] 


Their jump from conclusions regarding 
efficient outcomes to those which are ideal 
in a social welfare sense is without analyti- 
cal justification. Every point along the 
contract curve in Figure | is efficient and 
(absent extortion) Pareto optimal. But 
moving from one Pareto optimal point to 
another Pareto optimal point—that is, 
moving from L to L, or vice versa—may 
not be a Pareto improvement. Indeed, as 
seen here, in the absence of extortion it 
would not be an improvement. 

In this section I will show that normal 
bargaining does not inexorably lead to a 
maximum social welfare; that requires a 
close correspondence between the social 
welfare function and the structure of en- 
titlements (rights). 

Additionally, it will be shown that even 
with zero transaction costs in extortionistic 
situations social welfare can be reduced. 
Finally, we will see that when transaction 
costs are positive, extortionistic bargaining 
can yield enhanced social welfare. To 
establish these conclusions, which are con- 
trary to the D-G findings, it is necessary 
to consider two possible social welfare 
functions, one favorable to S, (W), and one 
favorable to N, (W). In Figure 2 these two 
families of indifference curves are depicted 
with the utility-possibility frontier derived 
from Figure i. There are four possible 
cases. 


Case 1: L law and W, obtain. With the 
family of social welfare curves and an as- 


4The frequent mixing of the terms efficiency and 
maximum social welfare in the D-G article indicates a 
special need here to be explicit in the context of ex- 
tortion and externalities. 
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FIGURE 2 


sumed starting point of a permissive law 
about smoking in public buildings (ZL) we 
are on W, at L in Figure 2. The earlier dis- 
cussion indicated that no bargained solu- 
tion would occur since the net compensat- 
ing variation would have been negative 
under a change and hence we remain at L 
where social welfare is a maximum. Now 
consider extortion by N; when transaction 
costs are zero we would move toward the L 
position in Figure 1 but smoking would 
occur. This would move our two-person 
world to W and social welfare has been 
diminished. When transaction costs are 
positive but less than BC we would also 
move close to L position but smoking 
would occur and social welfare (on W) has 
gone down. Only if transaction costs ex- 
ceed BC would no extortion occur, in which 
case we would remain at L, smoking would 
occur, and social welfare appears to be a 
maximum. 


Case 2: L law and W, obtain. Now con- 
sider the same assignment of property 
rights (L) but a different family of social 
welfare curves (W,). Attempts at normal 
bargaining as discussed earlier would result 
in no change in the situation, society would 
remain at position L in Figure 1, but this is 
on social indifference curve W and aggre- 
gate welfare is less than in the prior in- 
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stance. Thus, the same assignment of prop- 
erty rights and efforts at a bargained 
solution can be seen to lead to two different 
conclusions about social welfare, depending 
upon our assumptions about the social wel- 
fare function. 

When extortion is introduced the starting 
point is on W at L, and when transaction 
costs are zero we move to a position of L 
but smoking occurs. Such a move shifts us 
to W, (point L in Figure 2) and social wel- 
fare has increased. When transaction costs 
are greater than zero, but less than BC, the 
same outcome results and once again social 
welfare has increased. Finally, when trans- 
action costs exceed BC there is no change 
from the initial situation and social welfare 
remains at W (point L in Figure 2). 

Case 3: L law and W, obtain. Here, as 
seen before, normal bargaining would re- 
sult in retention of L which implies position 
L on W, in Figure 2; we would be led to 
believe that social welfare is a maximum. 
With extortion we have the same three pos- 
sibilities. When transaction costs are zero 
we would observe a move toward position 
L in Figure 1 but there would be no smok- 
ing. We started out on W, in Figure 2, but 
end up on W; social welfare has fallen. 
When transaction costs are greater than 
zero but less than YZ we again would ob- 
serve a move to position L but there would 
be no smoking. Again, the move from W, to 
W, decreases social welfare. Finally, when 
transaction costs exceed YZ we would not 
move from £ and would remain on W, in 
Figure 2; social welfare is a maximum. 


Case 4: L law and W, obtain. in this 
case, normal bargaining would tend to keep 
us at position Č in Figures 1 and 2, and we 
would be on W, in the latter, Again, at- 
tempts at normal bargaining would not re- 
sult in any change, yet social welfare is less 
than it could be. With extortion and zero 
transaction costs we would move to posi- 
tion L in Figure 2 but there would be no 
smoking. We have moved from W, to W, 
and social welfare has increased. When 
transaction costs are greater than zero but 
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less than YZ we would move to position L 
as before, and social welfare would in- 
crease. Finally, when transaction costs are 
greater than YZ we would stay at L on W, 
and social welfare stays below what it could 
be with extortionistic bargaining. 


IV. Conclusions 


In contrast to the D-G formulation of 
the economic implications of traditional 
bargaining vis-à-vis extortionistic bargain- 
ing, it is seen here that extortion doesnot 
merely duplicate the traditional bargaining 
situation. The magnitude and incidence of 
transaction costs as between the two cases 
are central to resource allocation, and the 
distribution of welfare between the two 
citizens. More importantly, extortion 
creates a situation in which nominally 
Pareto optimal outcomes—nominal be- 
cause they are a function of the status quo 
configuration of property rights—can be 
judged by the two (or n) parties beyond the 
conventional bargaining model. 

D-G conclude that the legal definition of 
extortion has a “rather firm economic 
basis which ... distinguishes it from other 
forms of bargaining. That is, the legal 
term extortion is applied to bargaining 
which can, like other forms of bargaining, 
redistribute wealth but which, unlike these 
forms, cannot improve the allocation of 
resources” (p. 1000). Yet we see above that 
extortionistic bargaining can indeed lead 
to improved welfare. 

Clearly, gains from extortionistic bar- 
gains are present when laws (property 
rights assignments) are at odds with the pre- 
vailing social welfare function. In a society 
which declares that all individuals count 
equally, yet the laws permit, say, slavery, it 
is easy to imagine gainful extortionistic bar- 
gains where the slaves can extract some of 
the bargainable surplus and leave both 
parties better off then before. But the real 
issue is one of solutions which are pre- 
sumptively Pareto optimal, and which seem 
to rule out extortion. While certainly not 
advocating this particular form of coercive 
bargaining, it is vital that we be clear about 
its impacts upon the “optimal” outcome, 
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and the attendant distributional implica- 
tions. 
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Externalities, Extortion, and Efficiency: Reply 


By GEORGE DALY AND J. FRED GIERTZ* 


Our analysis of extortion was undertaken 
in much the same spirit as that of many 
other recent authors who have written in 
the area of economics and law (for example, 
Ronald Coase, Harold Demsetz, Richard 
Posner, and Gordon Tullock). Until fairly 
recently, most of the interest shown by 
economists in the law was of two types: 
1) the legal environment was accepted as 
given, and the economic effects of such an 
environment were studied with the tools 
of economic theory; or 2) certain goals were 
considered desirable and normative sugges- 
tions about changes in the legal environ- 
ment necessary to achieve these goals were 
analyzed. The positive analysis of the law 
carried out in recent years has dealt with 
‘a different sort of question, that of what 
forces shape the legal environment. One 
answer to this question is that the legal 
system seems to respond (although ob- 
viously imperfectly) to considerations of 
economic efficiency.' In regard to the analy- 
sis of extortion, our goal was not the nor- 
mative one of judging whether extortion 
should be encouraged or proscribed, but 
the positive one of explaining why ex- 
tortionate types of bargains are made il- 
legal by most societies while many other 
kinds of bargaining are encouraged by the 
law. 

Our answer to this question is based 
upon the fundamental difference between 
the usual type of bargaining as analyzed by 
Coase and others, and that characterized 


*Institute for Defense Analyses and University of 
Houston, and Miami University (Ohio), respectively. 

1A rather extreme statement of such a position 
(which we do not fully subscribe to) is contained in 
Gary Becker: *... the methods used to accomplish 
any given end tend to be the most efficient available, 
in the public as well as the market sector.... Al- 
though this approach leaves little room for economists 
to suggest improved methods in the public sector, it 
gives them potentially a much enhanced role in the 
positive analysis of the laws of operation of this sec- 
tor” (p. 248). 
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by extortion. In conventional bargaining, 
each person gives up something of value in 
return for something valued even more 
highly, which results in a more efficient al- 
location of resources with both parties 
sharing the gains. In extortionate bargain- 
ing, however, there are no comparable effi- 
ciency gains. The victim of extortion is 
forced to compensate the perpetrator to 
refrain from doing something. which does 
not directly benefit anyone and would not 
be undertaken save for its bribe generating 
potential. In a world of zero transactions 
cost, extortion would merely redistribute 
resources; in a world of costly transactions 
it would result in resources being used in 
the bargaining process with no resulting 
allocative gains, that is, it would result in a 
movement to a point further from the pro- 
duction-possibility frontier. It is our asser- 
tion that this, in part, explains the legal 
prohibition of extortion.” 

Daniel Bromley’s disagreement with our 
analysis stems from two major sources: 1) 
our ambiguous use of terminology which 
gives the impression that we have defined 
allocative efficiency and social welfare 
identically; and 2) a fundamental error in 
the model he presents. We will discuss 
these in turn. 


2It should be noted that the key feature of extortion 
is the use of a threat to elicit a payment, not whether 
the threatened action is legal or illegal. An attempt to 
generate payments based upon a threat to do bodily 
harm or property damage is an example of extortion 
where both the threat and the threatened action are 
illegal. Another example of extortion is, however, 
blackmail where the threat involves the revelation of 
embarrassing information. In this case, the threatened 
action of publicizing the information is perfectly legal 
in a free society, but the threat itself is still illegal. 
Why is the threat to do something which itself is 
within the law illegal in this case? We would suggest 
that in the context of our analysis, it is because the 
threatened action would yield no direct benefits to the 
blackmailer and would be undertaken only to elicit 
compensation. 
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Bromley concludes that his analysis con- 
tradicts our alleged assertion that normal 
bargaining inexorably leads to maximum 
social welfare. He does this by demonstrat- 
ing that a non-Pareto optimal point can 
yield a higher level of social welfare accord- 
ing to an externally imposed social welfare 
function than some Pareto optimal out- 
comes. We did not intend to imply that 
allocative efficiency and social welfare are 
identical and regret any confusion that our 
sloppy terminology may have generated. 
Our conclusion, correctly stated, is that in 
the presence of transactions costs, extortion 
leads to inefficiency, not necessarily reduced 
social welfare, and we are indebted to 
Bromley for clarifying this point. 

This relatively simple clarification, how- 
ever, does not require the analytical ap- 
paratus Bromley presents. Moreover, that 
apparatus makes a fundamental analytical 
error which is potentially far more confus- 
ing than any semantic problems in our 
paper. 

In Sections I and II, Bromley’s analysis 
concentrates on the possibility of bargain- 
ing among Pareto optimal points along the 
contract locus of a modified Edgeworth- 
Bowley box diagram.? Referring to his 
Figure 1, L represents the equilibrium 
achieved when the legal arrangements per- 
mit smoking, However, the nonsmoker (N) 
has the power to prevent the smoker (S) 
from exercising his legal right to smoke and 
can force the two-person society to point L, 
another Pareto optimal point where smok- 
ing is at a lower level. Bromley suggests 
that a payment could be made by S to N 
in order to keep the society at Z rather than 
move it to L, that is, the smoker can pay 
the nonsmoker enough to induce him not to 


3Bromley’s analysis deals with a different bargaining 
situation from the one we analyzed. The key feature 
we emphasized, which usually characterizes extor- 
tion, is the absence of any direct net benefits to the 
perpetrator from the threatened action used to elicit 
the payment. Bromley, however, focuses on a quite 
different bargaining framework where the threatened 
action involves important direct net benefits to the ex- 
tortionist, in that the threat involves taking resources 
(or rights) from the victim for the extortionist’s per- 
sonal use. 
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move along the contract curve in a direc- 
tion favorable to the nonsmoker. Such a 
conclusion represents a bold challenge not 
only to our paper but also to the very con- 
cept of Pareto optimality since it implies 
that all parties can be made better off by a 
movement from one Pareto optimal point 
to another. 

Closer examination, however, reveals 
that Bromley’s analytics do not support his 
conclusion. He states that the minimum 
payment the nonsmoker would accept to 
refrain from moving to L is equal to AC. 
The use of the compensating variation tech- 
nique assumes that N is free to use his pay- 
ment to achieve a consumption point along 
CT at point T. (It is not clear what the slope 
of the price line represents in the context of 
this analysis. Is it the terms of trade be- 
tween smoke and other goods established 
by some kind of market process? If such a 
price ratio is established, why do not both 
persons have to adjust to it simultaneously?) 
Point T would entail a level of smoke below 
that of point L, and would place the non- 
smoker, N, on the same indifference curve 
that passes through L. Remembering that 
in a box diagram the final consumption 
point must be the same for both individ- 
uals, would the smoker agree to pay N’s 
minimum price AC which would place the 
final consumption point for both at T 
rather than Z? The answer is obviously no 
since the smoker’s indifference curve pass- 
ing through T is below that of the one 
passing through point L. Clearly, no bar- 
gain could be struck. 

Bromley goes on to suggest that the 
smoker would pay a maximum of AB to 
avoid being forced to consume at point L. 
In computing the compensating variation, 
it is again assumed that S is free to move 
along the constraint BR until a maximum is 
achieved at R. From this analysis, it is clear 
that S could pay up to AB and be no worse 
off than being at point L. Again, the ques- 
tion must be asked if N would accept point 
R (both must again consume at the same 
point) rather than exercise his power to 
move to L? Nonsmoker N would clearly re- 
ject such a deal since consumption at point 
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R puts him on a lower indifference curve 
than the one passing through point L.* 

It is clear that the compensating varia- 
tion technique as used by Bromley is in- 
correct and leads to the mistaken conclu- 
sion that: ‘‘... extort:on creates a 
situation in which nominally Pareto op- 
timal outcomes-—-nominal because they are 
a function of the status quo configuration 
of property rights—can be judged by the 
two (or n) parties beyond the conventional 
bargaining model” (p. 734). When the 
analytical devices employed by Bromley are 
used correctly (i.e., compensation payments 
are actually made and toth individuals 
must end up at the same point in the box 
diagram), we can see that what we have 
known all along is true: there is no way S 
can pay N not to move costlessly along the 
contract curve in a direction favorable to 
N. A similar sort of analysis would also 
demonstrate the same error in Bromley’s 
argument when property rights are reversed 
and smoking is prohibited at L. If the 
smoker has the power to violate the law 
and move costlessly to L, there is no way 
that the nonsmoker can pay him not to do 
so. 

In the absence of transactions costs, no 
extortionate payment could be made to 
prevent a movement along the contract 
curve. With various kinds of transactions 
costs, however, extortion (at least in a 
static situation) might ke productively 


4The futility of attempting to pay N not to move 
along the contract curve can be viewed in another way 
as well. If N has the power to move to L, the non- 
smoker would accept no outcome resulting in a level of 
utility less than X}, Given this constraint, the high- 
est level of utility the smoker can achieve is S; at point 
L. Since the outcome Z is the very best the smoker 
can achieve given the nonsmoker’s power, there is no 
advantage to bargaining between N and S to move 
away from L, 
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analyzed in the framework used by Brom- 
ley. It is likely that an individual ‘could 
move along the contract curve only with the 
outlay of resources, These costs may in- 
volve lobbying costs to change the legal 
environment or they may entail resources 
devoted to illegitimate activities to ap- 
propriate the gain. Likewise, the other per- 
son will be prepared to devote resources 
to protect his favored position. In such a 
situation, extortion might lead to a pre- 
ferred position where these costs could be 
minimized. These costs, unfortunatély, were 
not introduced in Bromley’s work.’ 


5We are puzzled by Bromley’s analysis of bargain- 
ing with and without transactions costs in Section III. 
Positive transactions costs do not seem to be reflected 
in the diagrammatical analysis. Presumably, the re- 
sources used in bargaining would move the final out- 
come somewhere inside the original utility-possibility 
frontier. 
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IN MEMORIAM 
HARRY G. JOHNSON 
1923-77 


Remarks of Arnold C. Harberger at the Presentation of AEA Distinguished 
Fellow Award to Harry G. Johnson, December 29, 1977 


The letters that flooded in from around 
the world in the weeks and months follow- 
ing Harry’s death are ample testimony to 
the great shock, sorrow, and grief that the 
economics profession felt at his loss. I can- 
not here record the many themes that were 
touched in these letters, but again and again 
they said that Harry was an institution, that 
he was larger than life, that he somehow 
seemed to have fitted four or five lifetimes 
of work and experience and influence into a 
bit under 54 years. These letters, many of 
them from people unknown to me, came 
from the heart. They bespoke an apprecia- 
tion that is rarely accorded by a profession 
to one of its members. 

It is not surprising, to those who knew 
him, that Harry meant so much to the 
profession, for there have been few econo- 
mists in this or any other era who gave so 
much of themselves to it. No single element 
pervades the many facets of the life of this 
very complex, wonderful, and great man as 
much as his relations to and interactions 
with the profession of economists. This is 
why I have chosen to offer in tribute to 
Harry what I believe was his own code of 
professional conduct. 

The professional economist has a duty: 

1) To work so as to continually ex- 
pand and update the insights that economic 
science can offer. (Here were Harry’s scien- 
tific contributions.) 

2) To draw the lessons that flow from 
an understanding of economics and its his- 
tory for the formulation of policy. (Here 
were Harry’s many policy papers.) 

3) To expose frankly and unequivo- 
cally, in public forums, the fallacies that lie 
at the root of common beliefs and judg- 
ments, and of many political platforms, 
concerning economic policy. (Let us not 
forget, Harry’s was the most cogent voice 
in the entire debate surrounding nationalist 
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economic policy in Canada. He was also the 
consistent debunker of myths about the 
process of economic development, where he 
had strong and sobering messages for aid- 
givers and aid-receivers alike.) 

4) To be forthright and unstinting in 
criticizing the work of his professional 
peers (the idea of the profession as a club, 
in which criticism among members should 
be muted if it was expressed at all, was 
absolutely anathema to Harry). 

5) To be wrathful in exposing un- 
worthy behavior by fellow professionals. 
(Harry’s wrath fell mainly on some of the 
mighty within the profession, when he 
viewed them as misusing the authority they 
had gained on the basis of their legitimate 
past contributions. For Harry, an even 
greater burden of professional responsibil- 
ity fell on an individual, once he had gained 
such authority.) 

6) To heed, insofar as is humanly pos- 
sible, calls to share his professional knowl- 
edge with others. (Harry’s travels on the 
lecture circuit were legendary; it would be 
hard to calculate the amount of influence he 
exercised in this way.) 

7) To help, above all, the young 
people who are struggling to expand their 
knowledge and to grow within the profes- 
sion. (This was Harry’s real soft spot. For 
all the renown he achieved for sharp criti- 
cism and barbed response, it is amazing 
how the younger and weaker members of 
the profession escaped. Obviously this was 
no chance event, it was Harry’s policy. As 
editor, he could be ruthless in rejecting the 
work of a senior colleague, yet he spent 
countless hours drafting careful suggestions 
to young unknown authors. When he went 
away to lecture at other universities and 
other countries he used to come back with 
little sheets of paper, scribbled with notes 
to himself as to the writings he had prom- 
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ised to send one man, the interview he had 
promised to arrange for another, the manu- 
script he had agreed to review for a third.) 

8) To keep his promises, always. (This 
may be the most incredible aspect of this 
incredible man. In all the twenty-odd years 
that I knew Harry, I’m not aware of a 
single instance in which he failed to per- 
form as promised. This was true with re- 
spect to big things, like writing promised 
papers on time or somehow adjusting an 
impossible schedule so as to accommodate 
yet more commitments without failing on 
any of the previous ones. But it was also 
true with respect to little things, like read- 
ing student papers as promised, turning 
examination grades in on time, performing 
responsibly on committee assignments, etc. 
Sometimes I really felt that Harry was at 
one and the same time the man with the 
best excuse for not doing small departmen- 
tal tasks, yet the one who accepted them 
most willingly, and carried them out in the 
most timely and responsible way.) 

9) To avoid arrogance and pomposity 
at all costs. (Humility is not part of Harry’s 
image, within or without the profession, 
yet I think that he was fundamentally a 
humble man in the best and most honor- 
able sense of that word. For all his achieve- 
ments, he was always ready to do his part 
in giving an extra lecture, writing yet 
another paper, traveling to some far cor- 
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ner of the world to preach the gospel of 
good economics there. He was the farthest 
thing from a prima donna, never asking 
special considerations for himself, always 
performing willingly tasks that brought 
complaints from at least some others.) 

10) To earn his place in the profes- 
sion, every day. (Harry was as strong in re- 
fusing to rest on his laurels as he was in 
reacting against others resting on theirs. 
Harry was a master craftsman, and like 
most true craftsmen, he was not content to 
be idle. He spent little time in retrospective 
looks at his past labors, but instead de- 
voted his energies to moving ahead. He 
never wanted to be known for how good he 
had been in the past, always for how good 
he was right now.) 

Well, these are Harry’s precepts for pro- 
fessional life, as best as one of his old 
friends can infer them from his words and 
actions over the years. I believe they are ac- 
curate in representing the principles Harry 
believed in, judged others by, and, most 
importantly, lived by himself. I believe, too, 
that our profession would be stronger and 
better, more productive scientifically, and 
more socially useful, if the rest of us came 
closer than we have up to now to meeting 
these standards of professional behavior. 


Arnold C. Harberger 
The University of Chicago 


NOTES 


The 1978 Employment Center will be held Decem- 
ber 28-30 at the Conrad Hilton in Chicago, Illinois. 
Operating hours will be December 28, 10:00 a.m.— 
5:00 p.m.., December 29th and 30th, 9:00 a.m.—5:00 
P.M. Special room rates have been established for the 
meeting ($25/singles, doubles and twins, $30/deluxe 
twins, $50/one-bedroom suites and $75/two-bedroom 
suites.) Hotel reservation cards will be mailed to you 
upon receipt of your placement form. 

Requests for placement forms should be made to 
Ms. Kathy Nichols, National Registry for Econo- 
mists, Illinois State Employment Service, 40 West 
Adams Street, Chicago, IL 60603 between September 1 
and November 15. Note: No forms will be mailed 
prior to September; however they will be available 
at the American Economic Association booth at the 
annual meeting. Completed forms must be returned by 
December 1. You do not have to attend the meeting to 
have your listing on file. There is no registration fee. 


Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings held 
outside the United States, Mexico, and Canada that 
are concerned with the humanistic aspects of their 
discipline are eligible to apply for small travel grants 
of the American Council of Learned Societies. Fi- 
nancial assistance is limited to air fare between major 
commercial airports and will not exceed one-half of 
projected economy-class fare. Social scientists and 
legal scholars who specialize in the history or philosophy 
of their disciplines are eligible if the meeting they wish 
to attend is so oriented. Applicants must hold a Ph.D. 
degree or its equivalent, and must be citizens or per- 
manent residents of the United States. To be eligible, 
proposed meetings must be broadly international in 
sponsorship or participation, or both. The deadlines 
for applications to be received in the ACLS office are: 
meetings scheduled between July and October, March 
l: for meetings scheduled between November and 
February, July 1: for meetings scheduled between 
March and June, November 1. Please request applica- 
tion forms by writing directly to the ACLS (Attention: 
Travel Grant Program), 345 East 46th St., New York, 
NY 10017, setting forth the name, dates, place, and 
sponsorship of the meeting, as well as a brief statement 
describing the nature of your proposed role in the 
meeting. Even when plans are incomplete, a prospec- 
tive applicant should request forms in advance of the 
cut-off date, since deadlines are firm and no exceptions 
are permitted. Awards will be announced approxi- 
mately two months after each deadline. 


Call for Papers: Th2 Eastern Finance Association 
will hold its annual meeting in Washington, D.C., 
April 19-20, 1979, There will be papers and discus- 
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sions by academics, by business professionals, and by 
government specialists on almost all aspects of do- 
mestic and international finance. If you wish to par- 
ticipate, send a two-page abstract of your proposal 
before November 27, 1978 to Professor Michael 
Keenan, Vice President Program, New York Uni- 
versity GBA, 100 Trinity Place, New York, NY 10006. 


The Center for Population Research is emphasizing 
the need for increasing the amount of behavioral-social 
science research on population, family planning, and 
reproductive behavior. Social scientists are invited to 
submit research grant proposals, which upon receipt 
will receive careful evaluation through the usual peer 
review procedures. Attention is also directed toward 
the postdoctoral fellowship as a mechanism for de- 
veloping careers in the population field. Interested per- 
sons are encouraged to apply, and applications will be 
evaluated by peer reviews. The deadlines for submis- 
sion of research grant proposals are March 1, July 1, 
and November 1, while deadlines for postdoctoral 
fellowships are February 1, June 1, and October 1. 
Proposals are submitted on appropriate forms which 
may be obtained at most colleges and universities 
throughout the country. If information is needed, or to 
discuss any matter, please call 301+496-6515, or write 
Population and Reproduction Grants Branch, Center 
for Population Research, National Institute of Child 
Health and Human Development, Landow Bldg, Rm 
C-733, Bethesda, MD 20014. 


The annual meeting of the Association for Eco- 
nomics and Social Science (Gesellschaft fiir Wirt- 
schafts- und Sozialwissenschaften-Verein fiir Social- 
politik) will be held September 24-26, 1979 in Mann- 
heim. The theme will be ‘“‘Depletable Resources” and 
the following problem areas will be discussed: Optimal 
intertemporal allocation of renewable and non- 
renewable resources; Allocation through markets and 
nonmarkets; International aspects of resource alloca- 
tion. Proposals for papers are called for. Each one of 
the three areas will be split into several working ses- 
sions, with 3-4 papers per session. A committee will 
review the proposals which should be sent to: Pro- 
fessor Dr. Horst Siebert, Lehrstuhl fir Volkswirt- 
schaftslehre und Aussenwirtschaft, Universitat Mann- 
heim, 6800 Mannheim. 


The P.W.S. Andrew Memorial Prize is awarded an- 
nually for an essay by a young scholar (under the age 
of 30 or within 8 years of taking his first degree) in the 
general field of Industrial Economics and the Theory 
of the Firm, broadly interpreted. The prize is £200 (or 
the equivalent in other currency) and the winning essay 
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will normally be published in The Jeurnal of Industrial 


Economics. An essay submitted should be a work of | 


original research by the candidate only, not previously 
published and not previously awarded any other prize. 
It should be submitted in English and should not nor- 
mally exceed 10,000 words in length. The closing date 


for entries is December 31 in- each year. Intending - 


candidates for the prize should obtain details of the 
conditions of entry from the Adm:nistrative Officer, 
Office for Student and College Affairs, University 
House, University of Lancaster, Lancater, LAl 4YW, 
England. The winner of the prize for 1977 was D. W. 
Carlton, University of Chicago. 


` Retirement 


Ralston D. Scott: professor emeritus of manage- 
ment, Southern Illinois University-Edwardsville, Aug. 
31, 1978. 


Promotions 


William J. Boyes: associate professor of economics, 
Arizona State University, Aug. 1978. 

Thomas M. Carroll: associate professor of eco- 
nomics, Memphis State University, Sept. 1978. 

Roger K. Chisholm: professor of economics, Mem- 
phis State University, Sept. 1978. 

Richard R. Cornwall: associate professor of eco- 
nomics, Middlebury Collegé. 

Alan C, DeSerpa: associate professor of eco- 
nomics, Arizona State University, Aug. 1978. 

K. J. Fung: associate professor of economics, Mem- 
phis State University, Sept. 1978. 

Elmer R. Gooding: professor of economics, Arizona 
State University, Aug. 1978. 

Andrew Hau: professor of economics, Millersville 
State College, Sept. 1, 1978. 

Wolfgang Mayer: professor of economics, Univer- 
sity of Cincinnati, Sept. 1, 1978. : 

Daniel A. Pavsek: assistant professor, department of 
economics, Baldwin-Wallace College, Sept. 1, 1978. 

Dominick Salvatore: professor, department of eco- 
nomics, Fordham University, Sept. 1, 1978. 

Mark Satterthwaite: professor, managerial eco- 
nomics and decision sciences, Northwestern Uni- 
versity, Sept. 1, 1978. 

Patrick J. Welch: associate professor, department of 
economics, St. Louis University, July 1, 1978. 
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Administrative Appointment 


Abby J. Cohen: assistant vice president, T. Rowe 
Price Associates, Inc., Baltimore, Apr. 10, 1978. 


New Appointments 


Josef C. Brada, New York University: associate pro- 
fessor, Arizona State University, Aug. 1978. 

Darius J. Conger, Central Michigan University: 
visiting assistant professor, Arizona State University, 
Aug. 1978. 

Judith M. Considine: instructor, department of 
economics, Rutgers College, July 1, 1978. 

Antonio-Gabriel Cunha, Queen’s University: econo- 
mist, finance section, Office of Fiscal Analysis, Con- 
necticut General Assembly. Dec. 2, 1977. 

Anthony C. Fisher, University of Maryland: pro- 
fessor of energy and resources, and of economics, 
University of California-Berkeley, July 1978. 

Wallace C. Hardie: instructor, department of 
economics, lowa State University, Dec. 1, 1977. 

Robert J. Hauser: research associate, department of 
economics, Iowa State University, Dec. 1, 1977. 

J. Kent Hill, Rice University: assistant professor of 
economics, Arizona State University, Aug. 1978. 

Ralph H. Kline: assistant professor, department of 
economics, Rutgers College, July 1, 1978. 

Thomas A. Layman, University of North Carolina: 
assistant professor of economics, Arizona State Uni- 
versity, Aug. 1978. 

John M. McDowell, University of California-Los 
Angeles: assistant professor of economics,” Arizona 
State University. 

Paul Milgrom, Stanford University: assistant pro- 
fessor, managerial economics and decision sciences, 
Northwestern University, Jan. 1, 1979. 

Robert A. Moffitt: assistant professor, department 
of economics, Rutgers College, July 1, 1978. 

Bruce M. Owen, Stanford University: associate pro- 
fessor of business administration and director of the 
Center for the Study of Regulation of Private Enter- 
prise, Duke University, Sept. 1978. 

Meir Statman: instructor, department of economics, 
Rutgers College, July 1, 1978. 

Nancy Stokey, Harvard University: assistant pro- 
fessor, managerial economics and decision sciences, 
Northwestern University, Sept. 1, 1978. 


Resignation 
Nancy Dayton Sidhu, Northeastern Illinois Uni- 


versity: Commercial Research Division, Inland Steel 
Company, June 1977. 
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Professional Placement Service 


The Allied Social Scier.ce Associations will provide a professional placement service at no charge, in 
DECEMBER, 1978. This service will be located in the Conrad Hilton Hotel in Chicago, Illinois. Operating 
hours will be December 28th, 10:00 A.M. - 5:00 P.M., December 29th and 30th, 9:00 A.M. - 5:00 P.M. 


FORM REQUEST 


For your convenience the National Registry for Economists is offering a pre-registration service. Requests for 
placement forms will be processed between September 1 and November 15 only. Listing your application or 
vacancies prior to the meeting will expedite service at the placement center. Employment applications and 
listings of available positions will also be accepted from those who cannot attend the meetings and will be 
made available for review by the participants. 


NOTE: Requests for forms must be in the Registry office no later than November 15, 1978 and the completed 
forms must be returned to the National Registry Office no later than December 1. After the December 
1 deadline, completed forms must be submitted in person during the meetings. 


HOUSING 


A block of rooms has been reserved at the Conrad Hilton Hotel in Chicago. $25/singles, doubles and twins; 
$30/deluxe twins; $50/one bedroom suites; and $75/two bedroom suites. A hotel reservation card will be 
mailed to you immediately upon receipt of your request for a form; please return it as early as possible. 


Kathy Nichols 

National Registry for Economists 
Illinois State Employment Service 
40 West Adams Street 

Chicago, Illinois 60603 


Name 








(Employers list name of Organization or Institution) 


Address, 


(Applicants - please use home address only) 


Check Appropriate Block: 
(J Candidate Application Form (Only one per applicant is required) 


O Employer Position Listing Form - Indicate number of forms required (Usually one per vacancy) 
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Economies at its best from 


All New! 


Wilson, Darr, & Bowlen 
MANAGERIAL ECONOMICS: 


Concepts, Applications, and Cases 


This practical text teaches students to apply theoretical methods of 
economic analysis to real-life situations. Four original and extensive 
cases explore nontraditional problems in motel operations, residential 
construction, a medical center, and a major heavy equipment manufac- 
turer. Includes chapters on advertising and on location and physical dis- 
tribution. 

Tentative: 560 pages; $16.95. October 1978. ISBN 912212-08-X. Solutions Manual. 


Branson 


MACROECONOMIC THEORY AND POLICY 
Second Edition 


Offers comprehensive, contemporary coverage of the basic core of mac- 
roeconomics. This thorough revision embodies the current literature on 
growth and features new material on dynamic “crowding out” and the 
Phillips curve, an updated treatment of wage-price dynamics, and an 
analysis of inflation and unemployment in the 1970s. 

Tentative: 592 pages; $16.95. December 1978. ISBN 0-06-040936-3. 


Korliras & Thorn 


MODERN MACROECONOMICS: 
Major Contributions to Contemporary Thought 


The only collection of advanced readings in this field is composed of 
modern “classics; articles which are leading theoretical works, and sur- 
vey articles that cover important developments in macroeconomic theory 
during the past ten years. 

Tentative: 464 pages; $21.95. February 1979. ISBN 0-06-043764-2. 


Rees 


THE ECONOMICS OF WORK AND PAY 
Second Edition 


New material on the effect of nonlabor income on the labor supply and the 
natural rate of unemployment has been added to this completely updated 
Second Edition. The author surveys and integrates key developments in 
the analytical approach to labor economics, providing thorough coverage 
of research literature. 

Tentative: 256 pages; $11.95. December 1978. ISBN 0-06-045354-0. 


To request examination cop- PRICES SUBJECT TO CHANGE WITHOUT 
ies, write to Joanne Pierson, NOTICE. Prices given here are Harper & Row 
Dept. 602. Please include suggested list prices only and in no way reflect 
course title, enrollment, and the prices at which these books may be sold by 
present text. suppliers other than Harper & Row. 
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Popular texts in recently published new editions 


Lipsey & Steiner 
ECONOMICS, Fifth Edition 


Thoroughly updated and reorganized, the Fifth Edition strives for even 
greater clarity and accessibility. New features include truly reversible 
sections on macroeconomics and microeconomics, a separate section of all 
former chapter appendixes at the back of the book, completely redesigned 
illustrations, many new boxed sections, and numerous substantive im- 
provements in the presentation. 

864 pages; $15.95. March 1978. ISBN 0-06-044016-3. Study Guide and Problems by 
Dascomb R. Forbush, Dorothy F. Forbush, and Frederic C. Menz: 358 pages; $4.95 
paper. ISBN 0-06-042119-3. Instructor’s Manual. Test Bank. 


Hunt & Sherman 


ECONOMICS: An Introduction to Traditional and 
Radical Views, Third Edition 

Introduces students to radical theories as well as to more conventional 
views on how capitalism functions. The Third Edition has a new discus- 
sion of Marx’s labor theory of value, new international and empirical data, 


and a new section on Veblen’s critique of neoclassical economics. 
736 pages; $11.50. January 1978. ISBN 0-06-043017-6. Instructor’s Manual. 


North & Miller 


THE ECONOMICS OF PUBLIC ISSUES 
Fourth Edition 


This lively book illustrates thirty-three specific applications of micro- 
economic principles in the sequence most often taught in introductory 
courses. The updated Fourth Edition includes new chapters on the 
economics of juries, crime and punishment, New York City, imposing a 
tax, and saving our cities 

182 pages; $5.50 paper. J anuary 1978. ISBN 0-06-044851-2. Instructor’s Manual. 


Lyall 


MICROECONOMIC ISSUES OF THE 70s: 
Exercises in Applied Price Theory, Second Edition 


This unique supplement provides elementary and intermediate exercises 
in applying microeconomic theory to current real-world problems. This 
edition contains many new problems on issues of today as well as updated 
problems on antitrust and business management issues. Each problem is 
keyed to sections in 12 intermediate microeconomic theory texts. 

rela $5.95 paper. January 1978. ISBN 0-06-044116-X. Solutions Manual: 


: 10 East 53d Street, New York, N.Y. 10022 
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New and Forthcoming Books from 
North-Holland Publishing Company 


The Problem of Inflation 


Edited by KARL BRUNNER, Univ. of 
Rochester, N.Y., and ALLAN H. MELTZER, 
Carnegie-Mellon Univ, Pittsburgh, Pa. 


1978. viii +370 pages. US $26.00/Dfl. 60.00 
ISBN 0-444-85147-X 


Volume 8 in the series Carnegie-Rochester 
Conference Series on Public Policy, containing 
papers of the April 1977 Conference. 


Modelling Economic Change: 

The Recursive Programming 
Approach 

Contributions to.Economic Analysis, Vol. 117 


Edited by RICHARD DAY, Univ. of 
Southern California, Los Angeles, and 
ALESSANDRO CIGNO, Univ. of Hull, 
England. 


1978. x+ 456 pages. US $61.00/Dfl. 140.00 
ISBN 0-444-85056-2 


The book provides a flexible, realistic and 
practical methodology for explaining economic 
change and for projecting qualitative and 
quantitative trajectories of economic variables, 
especially those exhibiting complex multi-made, 
multi-phase behavior. The work features an 
excitingly new contribution to dynamic 
economic theory and is an invaluable acquisition 
for graduate students, research specialists, and 
senior undergraduates. 


Lectures on Macroeconomic 


Planning 
Part 2: Centralization, Decentralization, 
Planning under Uncertainty 


By LEIF JOHANSEN, Univ. of Oslo, Norway 


1978. x + 412 pages. US $39.25/Dfl. 90.00 
ISBN 0-444-85119-4 


Part 1 of the set, published in 1977, gave a 
broad treatment of the most general aspects of 
macroeconomic planning. Part 2 takes up some 
special fields, namely problems referring to 


centralization and decentralization, and 
planning under uncertainty. 

The book should serve as an essential textbook 
for all students of economics. 


Spatial Interaction Theory and 
Planning Models 


Proceedings of the International Research 
Conference, Bastad, Sweden, August, 1977. 


Studies in Regional Science and Urban 
Economics, Vol. 3 


Edited by ANDERS KARLQVIST, LARS 
LUNDQVIST, FOLKE SNICKARS, and 

JORGEN WEIBULL, Royal Institute of 

Technology, Stockholm, Sweden. 


1978. x + 338 pages. US $41.50/Dfl. 95.00 
ISBN 0-444-85182-8 


Containing both theoretical analyses of spatial 
interaction phenomena and application-oriented 
models for urban and regional planning, the 
volume covers the most recent achievements 

in spatial interaction analysis. This analysis 
ranges from the micro scale to the macro scale, 
from statics to dynamics, from descriptive 

to normative approaches, from single to multiple 
criteria analysis, from sectoral problems to 
urban and regional design. 

The book will appeal to students and researchers 
in regional science, geography and urban 
economics. 


Strategy and Group Choice 


Contributions to Economic Analysis, Vol. 113 


By PRASANTA K. PATTANAIK, La Trobe 
University, Bundoora, Victoria, Australia. 


1978. x + 213 pages. US $39.25/Dfl. 90.00 
ISBN 0-444-85126-7 


As practically no decision procedure will 
succeed in inducing individuals to reveal their 
true preferences, individuals at all times find it 
profitable to use strategies. This book explores 
the specific issue of strategic manipulation in 
both its objective and normative aspects. 


ELSEVIER NORTH-HOLLAND INC. 


52 Vanderbilt Avenue, NEW YORK, NY 10017 / P.O. Box 211, 1000 AE AMSTERDAM, The Netherlands 
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Now. 


Available: 


Economic Forces at Work 
Selected Works by Armen A. Alchian 


A long-needed collection of Alchian’s major papers, 
including his seminal “Uncertainty, Evolution and 
Economic Theory.” Armen A. Alchian is Professor of 
Economics at UCLA and coauthor of the textbook 
University Economics. Hardcover $10.00, 

Paperback $3.50. 


The Theory of Idle Resources 
By W. H. Hutt’ 


A telling attack on Lord Keynes’ concept of 
unemployment—first published in 1939, now revised 
and updated. This edition includes an Addendum on 
“The Concept of Idle Money.” A pioneering classic 
that will continue to provoke controversy—and serious 
thought—for years to come. Hardcover $8.95. 


Economic Calculation Under Inflation 


Provocative insights for businessmen, government 
officials and individual consumers on how to make 
economic decisions when economic information is 
seriously, and continually, distorted by inflation. 
Includes papers by William T. Baxter, Solomon 
Fabricant, William H. Fletcher, W. Allen Spivey and 
William J. Wrobleski, Robert T. Sprouse. 
Hardcover $8.95. 


LibertyPress LibertyClassics 


We pay postage on prepaid orders. 
To order these books, or for a copy 
of our catalog, write: 

. LibertyPress/LibertyClassics 
7440 North Shadeland, Dept. 149 
Indianapolis, Indiana 46250 
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Important new titles in 


economics from St. Martin's 


Tariff Preferences in 
‘Mediterranean Diplomacy 
Alfred Tovias 


This book analyzes the role of special tariff prefer- 
ences in the Mediterranean diplomacy of the Euro- 
pean Economic Community. Dr. Tovias explores the 
Community's difficulties in formulation of a 
Mediterranean policy that is both coherent in itself 
and consistent with obligations under multilateral 
agreements and special relationships with other 
countries. 


Just published 150 pages, illus., cloth 
ISBN 0-312-78550-X $13.95 


The Economic Case 


for Palestine 
Elias H. Tuma and H. Darin-Drabkin 


Much has been written on the political questions 
surrounding the Arab-Israeli conflict, The authors of 
this work, however, are concerned with the 
economic aspects of the various proposed solutions. 
Their study analyzes the economic viability of a 
state of Palestine. the minimum conditions neces- 
sary for its survival, the needs of its population, and 
the time span in which all of this might occur. 


Just published 126 pages, cloth 
ISBN 0-312-22754-5 $15.95 


The Structure of the 
Keynesian Revolution 
Ghanshyan Mehta 


The historical analysis of the Keynesian Revolution 
applies a new methodological approach to the study 
of economic theory: Thomas Kuhn’s provocative 
thesis that scientific advance is due to “revolutions,” 
and that science in general does not necessarily pro- 
duce progressively more “truthful” statements 
about reality. Kuhn's argument has had a profound 
impact on the history of the natural sciences. This 
book is the first major application of his thesis to 
economics. 


September 1978 219 pazes, cloth 
ISBN 0-312-76770-6 $17.95 


To order these books for your library, please write: 








The Microeconomic Effects 
of Monetary Policy 
Ervin Miller 


Professor Miller provides a critique of severe mone- 
tary restraint as it has been employed by the United 
States over the last decade. His argument is sup- 
ported by empirical evidence and demonstrates that 
the problems of simultaneous inflation and un- 
employment are best handled by some form of indi- 
cative planning, including an income policy. 


Just published 250 pages, cloth 
ISBN 0-312-93173-7 $17.50 


The Economics of Industrial 
Structure, Conduct, and 
Performance 

Douglas Needham 


This book reflects the important advances in the 
theory of industrial organization since the 1969 pub- 
lication of the author's Economic Analysis and In- 
dustrial Structure, as well as the results of Professor 
Needham’s extensive empirical research over the 
past decade. This major new work will have sig- 
nificant implications for the interpretation and 
evaluation of future statistical studies in industrial 
structure and business behavior. 


Just published 300 pages, cloth 
ISBN 0-312-23665-4 $14.95 


The Foreign Exchanges 


Theory, Modelling and Policy 
Michael Beenstock 


Prompted by his experiences as an economic adviser 
in the British Treasury from 1973-76—-a period that 
witnessed the first tentative steps toward the float- 
ing of several major currencies—World Bank 
economist Michael Beenstock discusses the deter- 
minants of foreign exchange market behavior and 
official policy intervention. In his attention to the 
theoretical investigation of foreign exchange inter- 
vention, Dr. Beenstock develops a model of an open 
macro-economy whose long-run properties confirm 
monetarist conclusions about the balance of pay- 
ments, inflation, and unemployment. 


Just published 170 pages, cloth 
ISBN 0-312-29862-5 $23.50 


St. Martin's Press 


P.O. Box 5352, New York, NY 10017 
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REDISTRIBUTION THROUGH THE FINANCIAL SYSTEM 
The Grants Economics of Money and Credit 
Edited by KENNETH E. BOULDING and 
THOMAS FREDERICK WILSON 
Focusing on the distributional effects of grants arising from governmental restric- 
tions and influence in the financial system, this volume illuminates the source and 
nature of redistributive transfers and provides a framework for further research 
on their distributional impact on money and credit areas. This collection of essays 
examines implicit grants arising from such governmental functions as: the issu- 
ance of money, management of the nation’s money supply, regulation of financial 
institutions, and subsidies in federal credit programs; and from private sector 
practices which generate income distribution and government attempts to reduce 
these transfers. 
336 pp. July 1978 LC 78-18017 ISBN 0-03-045341-0 ca. $18.95 


PROPERTY, POWER, AND PUBLIC CHOICE 
An Inquiry into Law and Economics 
A. ALLAN SCHMID 
Inquiring into the interrelationship of politics, law, and economics, Schmid seeks 
to establish some empirical guides for assessing the connections between the pat- 
terns and preferences of society and a viable economy. Schmid challenges the 
liberal assumption of harmony of interests, demonstrating that neoclassical theory 
narrowly focuses on concepts of utility without necessarily taking into account 
their relation to production models or existing institutions. Rather than promoting 
any specific set of institutions, the author recommends that public decisions be 
based upon evaluative data on alternative decision systems, rights, and rules. 
334 pp. 1978 LC 78-5930 ISBN 0-03-042956-0 $19.50 


REGIONAL GROWTH AND DECLINE 
IN THE UNITED STATES 
The Rise of the Sunbelt and the Decline of the Northeast 
BERNARD L. WEINSTEIN and ROBERT B. FIRESTINE 

Placing special emphasis on the rapid growth of the “Southern Rim” and the 
economic decline of the “Northern Crescent,” this interdisciplinary study analyzes 
the nature, causes, and effects of the differential economic performance of various 
U.S. regions over several decades. The authors suggest alternative public policies 
for more rational and balanced future growth designed to avoid the serious social 
and economic consequences of continued polarized growth. 

170 pp. 1978 LC 77-25447 ISBN 0-275-23950-0 $15.95 


THE POLITICS OF RAISING STATE AND LOCAL REVENUE 
RICHARD D. BINGHAM, BRETT W. HAWKINS, and F. TED HEBERT 
A comprehensive theoretical and empirical framework for analyzing the politics 
of raising state and local revenue. Describing the relationship among revenue 
policy and the socio-economic environment, interest group activities, and the 
effects on intergovernmental relations, the authors present emerging revenue pat- 

terns and their implications for future government revenue policy. 
236 pp. Aug. 1978 LC 78-8392 ISBN 0-03-022306-7 ca. $16.95 
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PRAEGER SPECIAL STUDIES ¢ PRAEGER PUBLISHERS 
A Division of HOLT, RINEHART AND WINSTON, CBS PUBLISHING GROUP 
383 Madsion Avenue, New York, N.Y. 10017 
Prices are subject to change without notice. 
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An Invitation 


from the Editors Paul Davidson Sidney Weintraub 


Rutgers University 


University of Pennsylvania 


To be a Charter Subscriber to the 
Journal of 
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Post Notting 


ECON 


Those concerned with the launching of this journal are, I believe, united 






MICS / 


in dissatisfaction with the present orthodoxy. All, I venture, would agree 

that present economic policy, derived as it is from present macroeconomic 
stereotypes, does not serve; and most would agree that our professional 
colleagues in Washington cannot survive indefinitely on explanations of past 
failure or predictions that all will be better in the future. Improved performance 
by the American economy will require a much more vigorously innovative 
tendency sustained by a much more innovative professional discussion than 

is the product of present professional habit with its associated comfort. It 


is such research and discussion over the widest possible range and at 


99 


the most competent and responsible level that this journal will encourage. 


JPKE will publish articles by economists 
whose views differ in many details, but who are 
united in one overriding conviction: the job of 
economics is to describe the real world, then 

to provide a reliable guide to public policy. This 
cannot be done by standing pat on outmoded 
theory or by treating modern economic 
institutions as an inconvenient afterthought. 
Fresh ideas are already plentiful. JPKE is 
dedicated to the systematic discussion now 
urgently needed. 


John Kenneth Galbraith 


Chairman, Honorary Board of Editors, 


in the Inaugural Issue 


Contributors to early issues 

Bruno S. Frey Joan Robinson 
John Kenneth Galbraith Warren J. Samuels 
Edward M. Graham Francis Seton 
Aron Katsenelinboigen Lester Thurow 
Abba Lerner James Tobin 


Aspecial feature of the first issue: 
A Symposium on Carter’s Economic Program 


A quarterly publication. Subscription: 
Institution $25; Individual $17; Student $12. 


M.E. Sharpe, Inc., 901 North Broadway, White Plains, NY 10603 
O Please begin my suascription to JPKE with Vol. I, No. 1. 


O My check for $. is enclosed. 
O Please send your complete catalog of 








Q Please charge to Master Charge / 
BankAmericard (VISA) (circle one) 














scholarly journals. Account No. Exp. Date 
Name 
Title 
Institution 
Address 
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Robert J. Gordon 


Robert J. Gordon's new text for 
the intermediate macro course 
has won the praise of instructors 
across the country and has been 
adopted at such diverse schools 
as University of Wisconsin at 
Madison, Chicago State Univer- 
sity, Brown University, and the 
University of Alabama. 







































MACROECONOMICS was designed to help students gain a practical 

understanding of the most important topics in today’s economy. Its dis- 

tinctive presentation features: 

¢ primary emphasis on the key issues of inflation and unemployment 

¢ early and comprehensible development of the IS-LM model 

* a unique interpretation of the monetarist-nonmonetarist controversy, 
judged by Arthur M. Okun to be “the best textbook treatment of the 
great debate’ that | have ever seen...” 

But whats most impressive about MACROECONOMICS is its clear 
exposition of theory. Numerous examples and more than 30 case studies 
bring the real world into every chapter. Almost all of the theory is pre- 
sented graphically, rather than algebraically, through the use of innova- 
tive two-color charts and diagrams. Instructor's Manual. 


Cloth 1978 585pages, $14.95 


6 College Division, Little, Brown and Company, 34 Beacon Street, Boston, Massachusetts 02106 
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The makings of a classic . . . 


MODERN 
POLITICAL 
ECONOMY: 


An Introduction to Economics 


Richard B. McKenzie, Clemson University, and 
Gordon Tulleck, Center for Study of Public Choice at the 
Virginia Polytechnic Institute and State University 


This book provides a balanced study of markets, voluntary groups, and government 
as a means by which people can make individual and collective choices. It brings to 
the forefront the overriding social issue of properly aligning spheres of private and 
public decision making and explores the issues at stake far more thoroughly than in 
any other text presently available. 


* Concepts, principies, and models 
which dominate economic research are 
identified, developed in detail, and used in 
numerous illustrative examples which vary 
in their level of sophistication. 


* Tools of analysis are first developed by 
using circumstances which are immediate 
to the student's frame of reference; they 
are then applied to the major social issues’ 
of our time. 


* Relevant questions are analyzed, 
including how public policies affect the 
market systern and how economic 
principles can be used to explain the 
policies which emerge from the political 
process. 


Excellent supplementary material, 
including an outstanding casebook, 
instructor's Manual and Transparency 
Masters, reinforces this well-rounded 
presentation. 


Make MODERN POLITICAL ECONOMY: An Introduction to Economics your choice! 


Anlntrodiiction toc 


onomics 


wi College Division 
e i McGraw-Hill Book Company 
Walllll 1221 Avenue of the Americas, New York, New York 10020 
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New and Recent Volumes of the 


INDEX of ECONOMIC ARTICLES 


The Journal of Economic Literature 
of the 
American Economic Association 
now available at $35.00 per volume 


Volume XI—1969 
e Volume XII—1970 
e Volume XIII-——1971 
e Volume XIV—1972 
e Volume XV—1973 
e Volume XVI—1974 (in preparation) 


These are a continuation of earlier volumes, I-X (1886- 
1968) in scope and content which are still available 
at $7.95 per copy. 


Special discount of 30% given to members of the 
American Economic Association. 


Distributed by RICHARD D. IRWIN, INC. 
Homewood, Illinois 60430 
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Two Bowden Textbooks! 


Yes there are 2 volumes of the Second Edition of Bowden’s principles of 
economics book and one will work for your class! Whether your students 
will be studying economics on a quarter or semester plan, or any abbreviated 
format, there is a version of Bowden’s ECONOMICS: THE SCIENCE OF 
COMMON SENSE, Second Edition, to fit your schedule! 

Both the Standard and the Abridged Editions give students a thorough 
first course in economics. The Standard text is ideal for a 2-semester or 
3-quarter study program; the Abridged Edition is designed for 1-term intro- 
ductory economics courses. It contains 22 chapters of carefully selected 
material from the Standard volume. 

The new editions have been completely revised with an appropriate 
blend of macro and microeconomic topics and similarly balanced discussions 
of the American and international economic picture. 

Put either volume of ECONOMICS: THE SCIENCE OF COMMON SENSE, 
Second Edition, by E. V. Bowden to work in your economics classes. 


irs Your Class, 
Your Choice 





SOUTH-WESTERN PUBLISHING CO. 


§101 Madison Road, 355 Conde Street, 11318 Gemini Lane, $25 Spring Read, 855 California Avenue, 
Cincinnati, OH 45227 West Chicago, IL 60185 Dallas, TX 75229 Pelham Manor,NY10803 Palo Alto, CA 94304 
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A giant among texts . . . 


ECONOMICS 


SEVENTH EDITION 


Campbell R. McConnell 


University of Nebraska—Lincoln 


The seventh edition of ECONOMICS retains all of the qualities that have made it a 
leader through six previous successful editions: It’s still objective, analytical, well 
organized, and easy to read. But in the constantly changing field of economics, 
maintaining the status quo isn’t enough; constant improvement is needed. That's why 
this widely used and long-popular text has been revised, expanded, and updated 
once again. 


Here are just some of the reasons why the Seventh Edition of McConnell is the best 
ever: 


* New chapters provide a systematic, 








comprehensive comparison of Monetarism 
with Keynesianism, and an analysis of 
unemployment and inflation. 


* Anew section on applications of the 
Supply/Demand model. 


* Anew discussion of the Theory of Public 
Choice. 


* Rewritten, more thoroughly documented 
material on the role of women in the labor 
market. 


* Revised and improved discussion of 
taxes. 


* New learning aids, readings, and H p 
teaching aids. ECO 








OMAE 
Instructor's Manual; Transparency MICS 
Masters; Test File; Economics: A 

Programmed Approach and Study Guide 

(both by Robert Bingham) available. 


It all adds up to a first-rate revision of an outstanding text. 


j T 
w l College Division 
Hi g McGraw-Hill Book Company 
E 1221 Avenue of the Americas, New York, New York 10020 
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RATIONAL BEHAVIOR AND 
BARGAINING EQUILIBRIUM 

IN GAMES AND 

SOCIAL SITUATIONS 

JOHN HARSANYI 

“...Harsanyi brings nis astute talent in 
the use of formal models to bear on dif- 
ficult problems: in dcaing so, he offers a 
challenging and most interesting alterna- 
tive to ‘standard’ game-theoretical ac- 


counts of ethical and political activity.” 
—Social Theory and Practice $29.95 


SOCIAL ACCOUNTING FOR 
DEVELOPMENT PLANNING 
With Special Reference to Sri Lanka 
GRAHAM PYATT and ALAN ROE 
Develops a system of accounts that is 
designed to capture a complete statistical 
picture of the questions of growth and 
inequality. Its application to Sri Lanka 
shows its practicality for use by develop- 
ing countries. $22.50 


THE PRICE INDEX 

S. N. AFRIAT 

A mathematical investigation of the nature 
and properties of price indexes which in- 


cludes an appendix containing illustrative 
calculations with Canadian data. $16.95 


MANAGEMENT 
CHARACTERISTICS AND 
LABOUR CONFLICT 


A Study .of Managerial Organization Atti- 
tudes and Industrial Relations 

H. A. TURNER, GEOFFREY ROBERTS 
and DAVID ROBERTS 


DAE Papers in Industrial Relations 3 
Hardcover $9.95 Paper $4.25 


INDUSTRIAL PRICING 

IN THE UNITED KINGDOM 
KENNETH COUTTS, WYNNE GODLEY 
and WILLIAM NORDHAUS 


DAE Monographs 26 
$21.95 





THE FLIGHT FROM WORK 
GORAN PALM 


A tively portrait of the author’s ‘anon- 
ymous’ experience as a metal worker in a 
multinational firm in Stockholm. This 
English edition of his findings and sug- 
gestions is “recommended as a descrip- 
tion of the Swedish worker as well as a 
contribution to the debate over the quality 
of work life.”’—Library Journal $10.95 


PUBLIC EXPENDITURE 
Allocation Between Competing Ends 
M. V. POSNER, Editor 


Fifteen papers originally presented at a 
Royal Economic Society conference are 
addressed to the theoretical and practical 
problems that merit consideration in the 
formulation of public expenditure deci- 
sions. $21.5 


ECONOMIC GROWTH AND 
DISTRIBUTION IN CHINA 
NICHOLAS LARDY 


THE CAMBRIDGE ECONOMIC 
HISTORY OF EUROPE 
Volume Vil: The industrial Economies: 
Capital, Labour and Enterprise 
Part 1: Britain, France, Germany 
and Scandinavia 
Part 2: The United States, Japan 
and Russia 
PETER MATHIAS and 
M. M. POSTAN, Editors 


Part 1 $46.50 Part2$39.50 Set $79.50 


$18.95 


MARX’S ECONOMICS 
A Dual Theory of Value and Growth 
MICHIO MORISHIMA 


Now in Paperback $8.95 


Cambridge 
ia University Press 


WSS) 30 East 57th Street 
New York, N.Y. 10022 
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ECONOMIC DEVELOPMENT IN 

THE THIRD WORLD 

Michael P. Todaro 

“,.. Michael Todaro’s well-written text con- 
centrates on a thorough and systematic 
discussion of salient policy issues of the 1970's, 
reflecting the marked re-orientation of 
development economics which has taken place 
during this decade. 

To each development problem— including 
poverty and distribution, population, unem- 
ployment and migration, rural development, 
education, commercial policy, foreign aid, and 
development planning— Todaro applies a 
standardized format. First, the anatomy and 
importance of the issue are explored (not just 
outlined), leading to an appraisal of pertinent 
economic analyses and alternative policy 
responses. Throughout Todaro maintains a 
healthy regard for the complex interplay of 
economic and “non-economic” factors, as well 
as the pervasive role of intemational in- 


fluences. Bruce R. Bolnick 


1977. 480 pages, line illus., tables LC# 76-49626 
cloth $14.95ASBN 0-582-44628-7 


MATHEMATICAL ECONOMICS 

Topics in Multi-Sectoral Economics 
John E. Woods 

A self-contained account of economic analysis, 
Mathematical Economics begins with the 
analysis of the simplest input-output model and 
ends with the study of a general equilibrium 
system. In the intervening chapters, the 
dynamic Leontief model, non-linear input-output 
models and Von Neumann’s model are 
examined. Parallel to this study of production 
systems are the structurally similar expenditure, 
or multi-sector multiplier, models. Emphasis is 
placed on the mathematical relationships 
between the various models viewed by 
demonstrating, first of all, the recurrence of 
similar mathematical conditions in the solution 
of similar economic models, and, secondly, 
how mathematical conditions arise naturally in 
economic analysis. 

1978. 384 pages LC# 77-1660 


paper $15.95/ASBN 0-582-44675-9 
> Kp 


MARX 
His Theory and Its Context 
Angus Walker 


Marx: His Theory and Its Context is a highly 
original and uniquely comprehensive in- 
terpretation of Marx’s work, considering the 
concepts of his economics along with his 
political and social theory. Each major aspect 
of Marx’s theory—his philosophy, political and 
social ideas, his ethics and his economics—is 
first carefully explained and then ably analyzed 
in the context of the intellectual history on 
which he was raised. This novel approach 
yields fresh new insights into issues which have 
long puzzled his readers: the relationship 
between his notion of ‘capitalism’ and the 
classical concept of the ‘market’, for example, 
or the disguised character of his ‘labor theory of 
value’, or his treatment of technology. 

1978. 256 pages, tables LC# 78-40017 

paper $7.95/ISBN 0-582-44196-X 


RACE AND ECONOMICS 

Thomas Sowell 

“Thomas Sowell’s Race and Economics is, quite 
simply, the very best book ever published on 
the interrelationships of race, ethnicity, and 


economic achievement.” x F 
Irving Kristol 


“Race and Economics is the most important 
book on politics and race in years. It is a 
brilliant book. Mr. Sowell shatters more icons 
and cliches per chapter than any heretic in 
recent memory.” Michael Novak 


1975. 286 pages LC# 74-19982 
paper $5.95/ISBN 0-582-28015-X 


ENVIRONMENTAL ECONOMICS 
David W. Pearce 


The problems of pollution (including noise) and 
natural resource depletion are the main topical 
concerns of Environmental Economics. With 


pressures to conserve natural resources and to ` 


avoid the ravages of unconstrained economic 
growth, the environment remains a highly 
topical and vital issue in modern politics. 


1976. 216 pages, 52 line diagrams, 27 tables LC# 
75-44207 paper $7.95/ISBN 0-582-44623-6 


RRR Longman Inc., 19 West 44th Street, New York 10036 (212) 764-3950 
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Teaching economics 
is tough... 


unless your text is Principles of Economics 


Most economics texts are loaded with difficult technical verbiage—but Principles of 
Economics is written in a colloquial, journalistic style that makes economic theory, 
policy, and issues easier to understand than ever before. Principles of Economics is a 
modern, up-to-date treatment of economics, covering such topics as: aggregate supply 
and the price level; stagflation, present inflationary pressures, and the “new” unemploy- 
ment; financial intermediaries other than banks; concentration ratios; current pressures 
for trade protection; and a chapter on modern political economy. 

Here are more special features of the text: 


e Extended Examples relate economic theory to contemporary situations, making 
theory “come alive” for students. 


e Viewpoints present normative statements on provocative economic issues, inviting 
students to express their own views. 


e Economic Thinkers give brief biographies of great economists, current and past, 
emphasizing their important contributions to economics. 


Principles of Economics 
Roger Chisholm, Memphis State University / Marilu McCarty, Georgia Institute of Technology 
January 1978, 768 pages illus., hardbound $14.95 


Also available in two volumes: Instructor's Manual with test bank, Study 
Principles of Guide, and Transparency Masters are 


Macroeconomics available. 
January 1978, 476 pages, illus., paperback 


$7.95 For further information write 


Jennifer Toms, Department SA 

i he 1900 East Lake Avenue 

Principles of | Glenview, Illinois 60025 
Microeconomics 

January 1978, 398 pages, illus., paperback F 

$7.95 Scott, Foresman College Division 
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economists 


Envirosphere Company, a leader in environmental impact 
assessment, site selection and specific discipline studies for national 
and international clients has New York City and Regional positions 


available. 


Background should include a Ph.D. in economics, experience in 
micro-economic modeling and the use of quantitative techniques. A 
minimum of 3 years of applied economic analytical experience in an 
advanced technology industry such as energy, petrochemical, etc. is 
desirable. Candidates should be aware of current regulatory 
constraints on industrial growth and structure and possess effective 
oral and written communication skills. 


Background should include a Ph.D. or MS in planning, economics, or 
related areas with strong professional skills and 3-5 years experience. 
Responsibilities will include socioeconomics, demographics and 
land use studies in preparation of environmental impact 
assessments. The successful candidate will have a solid working 
knowledge of computer applications to socioeconomic analysis and 
have a strong proficiency in technical writing. 


For consideration forward your resume 
including salary history and requirements to: 
P. Domingo, Professional Employment, Dept. 633 


envirosphere company 


A Division of 
Ebasco Services Incorporated 
Two Rector Street New York, N.Y. 10006 


An Equal Opportunity Employer M/F 
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STABLE PEACE 
By Kenneth E. Boulding 


If we had a policy for peace, what 
would it look like? Kenneth E. 


Boulding proposes an eminently 
reasonable system tipped firmly 
toward peace and away from the 
cycle of folly, illusion, and ill will 
that leads to war. 

155 pages; 5 charts; $3.95, paper; 
$9.95, cloth 


EMPLOYMENT OF BLACKS 


IN THE SOUTH 
A Perspective on the 1960s 


Edited by Ray Marshall and 
Virgil L. Christian, Jr. 


In this extensive and detailed study, 
economists and demographers 
examine gains in black employ- 
ment made during the 1960s and 
speculate on why that growth has 
slowed in the 1970s. 

328 pages, 46 tables, $17.95 


FOREIGN POLICY AND 
ECONOMIC DEPENDENCE 


By Neil R. Richardson 


In this challenge to traditional 
dependency theory, Neil R. 
Richardson analyzes the actual 
foreign policy behavior of a number 
of dependent countries and finds 
they do not always acquiesce to the 
industrial giants on which they rely. 
200 pages, $12.95 


ISLAMIC ROOTS 
OF CAPITALISM 
Egypt, 1760-1840 


By Peter Gran 


Foreword by Afaf Lutfi 
Al-Sayyid Marsot 


, 


', . .a seminal work. ... 

essential reading for all students 
concerned with the concept of mod- 
ernization as we have applied it to 
analysis of traditional societies.” 
—Richard P. Mitchell 

416 pages, $19.95 


Now in paperback 


ISLAM AND CAPITALISM 


By Maxime Rodinson 
Translated by Brian Pearce 


“TRodinson] moves with authority 
in Western and Islamic history, 
sociology, economics, anthropol- 
ogy, quoting sources in half a 
dozen languages and literatures.” 
—Edward W. Said, New York Times 
Book Review 

308 pages; $6.95, paper 
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FISCAL OUTLOOK FOR CITIES: 
implications of a National Urban Policy 


Roy W. Bahl, editor, Syracuse University 


Foreword by Lee Alexander, President 
U.S. Conference of Mayors 


Preface by Patricia Harris, Secretary of HUD 


This volume is based on the Spring 1978 conference “Federal 
Impacts on the Economic Outlook for Cities” sponsored by HUD 
and hosted by Syracuse University’s Maxwell School and the 
U.S. Conference of Mayors. The purpose of the volume is to 
assess the fiscal outlook for cities against the background of cur- 
rent federal policy toward cities and in light of the Carter Ad- 
ministration’s proposed National Urban Policy. The chapters 
cover four important topics regarding federal policy—the par- 
ticular case of distressed Northeastern cities, capital obsoles- 
cence and financing, federal grants, and the impact of the federal 
budget. Among the contributors are Bernard Jump and Larry 
Schroeder, Syracuse University, Richard P. Nathan, The Brook- 
ings Institution, George E. Peterson, The Urban Institute, and 
Robert D. Reischauer, U.S. Congressional Budget Office. 


September 192 pages, 35 tables, 4 figures Cloth -0147-6 $8.95 
Paper -0148-4 $3.50 


from your local bookseller or prepaid from 


SYRACUSE UNIVERSITY PRESS VW 


Syracuse, New York 13210 O d 
(e) (e) 
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illis/Primac 
ie the text your 
= mi bes students 

: ag"; understand 


EXPLORATIONS 
IN ECONOMICS 


James F. Willis and Martin L. Primack 
San José State University . 

703 pages / Individual Explorations 
in Economics (study guide) 
Instructor's Manual / Test Bank / 1977- 























Willis and Primack combine succinct coverage of theoretical concepts 
with a straightforward style to make this one of the most popular books . 
on the market today. 













New in 1978! And These Perennial Best Sellers 
Pogue/Sgontz Watson/Holman Gruchy 

GOVERNMENT AND PRICE THEORY AND ITS COMPARATIVE 
ECONOMIC CHOICE USES, Fourth Edition ECONOMIC SYSTEMS 
An Introduction to Donald S. Watson, Emeritus Second Edition — 
Public Finance and Mary A. Holman Allen G. Gruchy 
Thomas F. Pogue and George Washington University of Maryland 
Larry G. Sgontz University i 686 pages / 1977 
University of lowa 445 pages / Instructor's 

514 pages / 1978 Manual / 1977 


For adoption consideration, request examination copies from your regional Houghton Mifflin office. 


2, Houghton Mifflin 


Dallas, TX.75235 / Geneva, IL 60134 / Hopewell, NJ 08525 / Palo Alto, CA 94304 / Boston, MA 02107 
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Economics 


Principles and Policy 


WILLIAM J. BAUMOL , New York University and Princeton University 
ALAN S. BLINDER Princeton University 


800 pages (probable) 

To be accompanied by Study Guide by 
Craig Swan, University of Minnesota; 
instructor's Manual 


The stature of its authors is only the 

“most obvious reason why Economics: 
Principles and Policy will become the 
next great economics textbook. In con- 
tent and approach it will offer much, 
much more than simply impressive 
authorship. 


Economics: Principles and Policy is a 
straightforward principles textbook 
absolutely in touch with economic and 
classroom realities. The macroeco- 
nomic section integrates price-level 
‘movement directly into the exposition 
from the beginning. The development 
of coordinated supply- PENANG analy- 


ses means that the model can be used. 
to explicate the inflation-unemployment 
tradeoff, the Keynesian-monetarist 
debate, stagflation, and other issues in 
a realistic, contemporary manner. 


Further, the authors have looked far 
beyond the final examination in estáb- 
lishing the basis for economic literacy. 
Twelve essential economic principles 
are enumerated in the first chapter and 
stressed throughout the book — princi- 
ples crucial to formulating and under- 
standing policy that are often widely 
misunderstood in business, govern- 
ment, and the press. Even the most 
theoretical micro chapters present 
practical problems of policy to be 
solved using the tools developed in 
the chapter. 


| 


HARCOURT BRACE JOVANOVICH, INC. 


New York ¢ San Diego » Chicago * San Francisco « Atlanta 
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PRICES AND CHOICES: Microeconomic Vignettes 
David Hemenway, Harvard University 

Prices and Choices is acollection of 18 short, readable 
essays on some generally neglected topics in econom- 
ics. Aimed primarily at students past the introductory 
level (and useful reading for laymen and economics 
professors as well), the book is specifically designed 
to provide supplementary readings and examples of 
intermediate price thoery. A useful guide to the limi- 
tations as well as the applications of economic 
theory, these essays collectively illustrate economic 
concepts and tools of analysis well within the grasp 
of undergraduates. Cloth $15.00 Paper $6.95 
CONTENTS: I. Basic Assumptions, 1. Temptation. 
2. Options, 3, Fashion. 4, Social Forces, 11, Exchange 
and Pricing. 5. Gifts, 6. Haggling. 7. The Cover 
Charge. 8. Tipping. 9. Scalping. Hl. More Micro 
Applications, 10, insurance. 11, Externalities, 12, 
Crime. IV. industrial Organization. 13, Product 
Differentiation. 14, Grades, 15. Business Exits. 16. 
The Ice Trust. V. The Economic Approach. 17. 
Skid Row. 18. The Bible. Notes. Tables. Figures. 
Appendix on Payoff Matrices. Bibliography. Index. 


REGIONALIZATION IN THE LAW OF THE SEA 
Proceedings of the Eleventh Annual Conference 
Edited by Douglas M. Johnston, Dalhousie University 
{Published for the Law of the Sea Institute) 

ca. $20.00 


INTERNATIONAL BUSINESS STRATEGY AND 
ADMINISTRATION 

John Fayerweather, Graduate School of Business 
Administration, New York University 

Professor Fayerweather presents strategies to guide 
multinational corporations in their relationships to 
major elements of their environment. Based on a 
blend of analysis and application of business experi- 
ence, he uses concepts of economics to develop basic 
guidelines for the corporation's role as a transmitter 
of resources; culzural anthropology and sociology 
concepts to strengthen their role as change agents; 
and concepts of political science to facilitate strategic 
interactions with nation states. ca, $16.50 


THE FEDERAL INTEREST IN FINANCING 
SCHOOLING 

Michael P. Timpane, The Rand Corporation 

Timpane offers a systematic review and synthesis of 
the issues surrounding the definition and implemen- 
tation of federal involvement in education. Written 
by researchers, legislative aides and policy analysts 
involved in the Washington education policy debate, 
the discussions of these issues highlight definitive 
policy directions for the development of a more 
coherent and effective federal role in the financing 
of schooling. ca. $16.00 


PUBLISHED FOR THE NATIONAL BUREAU OF ECONOMIC RESEARCH 


FOREIGN TRADE REGIMES AND ECONOMIC 
DEVELOPMENT 

Liberalization Attempts and Consequences 

(Foreign Trade Regimes and Economic 
Development, Vol. X) 

Anne O. Krueger, University of Minnesota 
(Published for the National Bureau of Economic 
Research, Inc.) 

A framework for analyzing devaluation under quan- 
tiative restrictions and exchange control and how it 
differs from devaluation under convertible currency 
trade regimes. $18.50 


FOREIGN TRADE REGIMES AND ECONOMIC 
DEVELOPMENT: Anatomy and Consequences of 
Exchange Control Regimes (Foreign Trade Regimes 
and Economic Development, Vol. XI) 

Jagdish Bhagwati, Massachusetts Institute of: 
Technology (Published for the National Bureau 

of Economic Research, Inc.) 

This volume is the last of a series resulting from a 
NBER research project on exchange control, liberali- 
zation, and economic development in nine countries, 
It synthesizes study results from the nine countries 
and offers empirical and theoretical analyses of 
exchange contro! regimes. Professor Bhagwati‘s 
conclusions about trade policy will provide valuable 
guidance for future analysts of foreign trade regimes 
in developing countries. ca, $16.50 


FACTORS OF BUSINESS INVESTMENT 

Robert Eisner, Northwestern University 

(Published for the National Bureau of Economic 
Research, Inc.) 

Professor Eisner has drawn on an extraordinary 
body of individual firm data, stemming originally 
from the annual McGraw-Hill capital expenditure 
surveys, to examine major issues.in econometric 
work relating to investment. ca. $16.50 


THE FINANCIAL EFFECTS OF INFLATION 
Phillip Cagan, National Bureau of Economic 
Research and Columbia University and Robert E. 
Lipsey, National Bureau of Economic Research 

and Queens College (Published for the National 
Bureau of Economic Research, Inc.) 

The rapid inflation since the mid-1960's has subjected 
financial markets to a series of unsettling disturbances 
leading to major changes in financial practices. This 
essay discusses, first, the main propositions of the 
standard theory of the effects of inflation and, 
second, the nonconforming events since the mid- 
1960's which have led to modifications and exten- 
sions of the theory. Price to be announced. 
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PROPERTY TAXATION: The Need for Reform 
Karl E. Case, 11, Wellesley College 
A comprehensive analysis of the occurrence, causes 
and consequences of inaccurate assessment in the 
United States, this study offers valuable new data 
documenting the extent of assessment errors. It also 
analyzes the sources of assessment errors and how 
they affect property values. The book concludes 
with a number of specific suggestions for reform. 

ca. $15.00 


PLANNING THE LOCATION OF URBAN— 
SUBURBAN RAIL LINES: An Application of 
Cost-Benefit and Optimal Path Analysis 

Glen D. Westley 

This book employs a fresh blend of empirical and 
theoretical elements designed to aid rail planners in 
overcoming the cut-and-try guesswork techniques 
still employed for the locating of rail lines. Westley 
includes a demand study of the prototypical Phila- 
delphia-Lindenwold High Speed Line (as yet un- 
attempted) and devises an equation system whose 
computer solution is the welfare maximizing location 
for rail lines or systems. ca. $16.50 


ENERGY CONNECTIONS 

Between Energy and the Economy 

Sidney Sonenblum 

A categorical approach to alternative energy policies, 
relating them to perceptions about economic growth, 
United States energy trends over the past century 
are used to document the alternative models of 
economic growth, to test the role of energy in these 
models, and to outline energy’s connections to the 
economy. A valuable guide to forming conclusions 
about energy consumption, the energy crisis, future 
energy alternatives, and the author's recommenda- 
tions for future policy. ca. $17.50 


SAVING ENERGY IN MANUFACTURING 

The Post-Embargo Period 

John G. Myers, Southern Illinois University, and 
Leonard Nakamura, The Conference Board 
Examines the energy conservation response of U.S. 
manufacturing industries in the period’ following 
the O;P.E.C. oil embargo, 1974 to 1976. Case studies 
of eight major energy consuming industries provide 
much detail on the complexities of energy conserva- 
tion in a sector that accounts for more than one- 
third of U.S. energy use and has been a dominant 
source of energy savings in the past, ca. $15.00 










PUBLISHING COMPANY 
17 Dunster Street, Harvard Square, Cambridge, MA 02138 


DELIBERATIONS AND COMPROMISE 

The Health Professions Educational Assistance Act 
of 1976 

Edited by Lauren LeRoy and Philip R. Lee, M.D., 
Health Policy Program, University of California, 

San Francisco 

A concise summary of the public deliberations that 
Preceded passage of the new health manpower law— 
includes comments by the senior staff member of 
each health subcommittee invoived describing the 
issues and policy options perceived by his subcom- 
mittee, $22.50 


THE ECONOMIC FOUNDATIONS OF NATIONAL 
HEALTH POLICY 

Allen S. Detsky 

Examines the foundations of the economics of 
health care in the context of the tools of standard 
economic theory and the ways in which the medical 
sector violates and extends the parameters of that 
theory. Attention is given to specific policy areas and 
Detsky also includes extensive reviews of current 
literature and his own suggestions for policy 
approaches. Price to be announced. 


AMERICAN MEDICINE: CHALLENGE FOR THE 
1980's 
David E. Rogers, The Robert Wood Johnson 
Foundation 
A prominent health researcher offers a critical 
assessment of our national efforts to deliver modern 
medical care to all Americans. The volume is devel- 
oped, in part, from the article “The Academic 
Medical Center: A Stressed American !nstitution” 
and also critiques the one patient/one physician 
concept as well as making recommendations for 
selecting and training health professionals, 

Price to be announced 


ECONOMICS OF EDUCATION Second Edition 


Elchanan Cohn, University of South Carolina 

A revised edition of Cohn’s first text, designed to 
provide a concise introduction to the economics of 
education for those unfamiliar with the subject mat- 
ter as well as to be a comprehensive reference to 
those familiar with the material and concepts in- 
volved. The volume features a non-technical intro- 
duction to all major aspects of the topic, a clear 
presentation of summary results and data and an 
extensive bibliography. Priced to be announced, 
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STAFF PAPERS 


Published by the Internaticnal Monetary Fund in March, June, September, and December. 
Summaries of each paper in French and Spanish, as well as in English. 


Vol. XXV June 1978 No. 2 


The Asian Currency Market: 
Singapore as a Regional Financial Center ZORAN HODJERA 


A Model of Inflation and Its Performance in the 
Seven Main Industrial Countries, 1958-76 ERICH SPITALLER 


The Role of Savings in Flow Demand for Money: 
Alternative Partial Adjustment Models ARTURO BRILLEMBOURG 


Experience with Programs of Balance of Payments Adjustment: 
Stand-By Arrangements in the Higher Tranches, 
1963-72 THOMAS M. REICHMANN and RICHARD T. STILLSON 


Some Aspects of Income Taxation of Public Enterprises ROBERT H. FLOYD 
The Fund Agreement in the Courts—XIII JOSEPH GOLD 


Subscription: US$7.00 a volume; US$2.50 a single issue. 
Special rate to university libraries, faculty, and students: US$3.00 a volume; US$1.00 a single issue. 


Advice on payment in other currencies will be given upon receipt of order. 


The Secretary, International Monetary Fund, Washington, D.C. 20431 U.S.A. 


Bank of Italy - Research Department 


Economic Papers* 


The contents of the first volume will be as follows: 


G. Carosio - Customer discrimination in the loan market. 

P. Crocca - F. PIERELLI - Structural features of international 
inflation. 

V. Conti - Production and demand in a disequilibrium 
model. 

C. M. Perucci - Inflation in Italy: the impact of the 
costs of imports and labour. 


M. Roccas - The Italian balance of trade for foodstuff. 


Copies available from: 
Banca d'Italia 

Servizio Studi - Biblioteca 
Via Nazionale, 91 

Rome - Italy 


* English version of “Contributi alla ricerca economica”. 
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AMERICAN ECONOMIC ASSOCIATION 


ANNUAL MEMBERSHIP RATES 


Membership includes: 


— a subscription to both 7he American Economic Review (quarterly) plus Papers and Proceedings and the Journal 
of Economic Literature (quarterly) 


@ Regular member with rank of assistant professor or lower or annual income of $12,600 or less 
® Regular member with rank of associate professor or annual income of $12,600-$21,000 
è Regular member with rank of full professor or annual income above $21,000 


© Junior member (available to registered students for three years only; certification and payment must be submitted 
yearly). Student status must be certified by your major professor or school registrar........sscssessccrsescseenseeee $13.00 


In countries other than USA add $3.70 to cover postage. 


© Family member (second membership without publications; two or more living at same address) 


Please begin my issues for 1978 with: 


O March O June O September E Decernber 
(Includes Papers and Proceedings) y. w 


Name in full 
First 


Address 


City State/Country Zip/Post Code 


Endorsed by (AEA member) 
Below for Junior Members Only 
| certify that the person named above is enrolled as a student at 


Authorized Signature 


Please send with payment to: American Economic Association 
1313 21st Avenue South 
Nashville, Tennessee 37212 


Dues payable in U.S. currency only; Cashier's Check or International Money Order preferred. 
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ANNOUNCING 


1977 New Edition 
Guide to Graduate Study in Economics 
and Agricultural Economics 

in the United States of America and Canada 


Designed to provide students anticipating graduate study in economics 
and agricultural economics, and their advisors, with information on 
available graduate training programs. 


Includes descriptions of 280 graduate programs, supplemented by 
comparative data and information for prospective students, 
domestic and foreign. 


PUBLISHED BY THE ECONOMICS INSTITUTE, 

University of Colorado at Boulder, Boulder, Colorado 80309 
under the auspices of the American Economic Association 
and the American Agricultural Economics Association. 
PRICE: $11.50 per copy 

































INSTITUTE 


ORDER FORM 





RICHARD D. IRWIN INC. 
1818 Ridge Road 
Homewood, Illinois 60430 


Please send me______ copies of Guide to Graduate Study in Eco- 
nomics and Agricultural Economics in the United States of America and 
Canada, 4th edition. 


Enclosed is my check/money order for $. ($11.50 per copy). 





Please print or type: 


Name 
Address 


City 
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Rand M¢Nally 
Announces 
Three New Books 


* Clear, concise writing 
x Practical applications and real world examples 
+ Emphasis on contemporary issues 


* Liberal use of illustrations and learning aids 


UNDERSTANDING ECONOMICS 

Albert W. Niemi, University of Georgia 

Provides a balanced treatment of essential micro- and 
macroeconomic principles for the one semester / one- or 


two-quarter course in introductory economics. 
1978 / 492 pages / Paper 


ECONOMICS: Macroeconomic Principles 
and Issues 
ECONOMICS: Microeconomic Principles 
and Issues 
James Cicarelli, SUNY at Oswego 
Combines fundamental principles of modern economics, 
readings in related current issues, and minitests in each of 
the two books. 
1978 / MACRO: 338 pages / Paper 
1978 / MICRO: 346 pages / Paper 





CONSUMER ECONOMICS 
Daniel A. McGowan, Hobart and William Smith Colleges 


Discusses basic economic principles and their applica- 
tion to consumer markets and problems with an emphasis 
on student involvement. 
1978 / 476 pages / Cloth 


Instructor's Manuals available for all texts. 


@ Rand M¢Nally College Publishing Company 
Box 7600+ Chicago, Illinois 60680 
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Original Thinking 
from Original Thinkers 
PLANNING, POLITICS, AND THE PUBLIC INTEREST 


Walter Goldstein, Editor 


These essays by seven distinguished scholars — Andrew Hacker, Murray Weidenbaum, 
Eli Ginzberg, Raymond Vernon, Franklin Long, Robert Lekachman, and Walter Goldstein 
— consider the consequences of applying collective planning principles to a market 
economy. $12.50 


ESSAYS ON ECONOMIC POLICY 


J. Marcus Fleming 


He had “the rare combination of a mastery of economic theory, an understanding of em- 
pirical data, a concurrent interest in pure analysis and historical and institutional knowl- 
edge” writes Fritz Machlup in the introduction to these papers which span the four 
decades of J. Marcus Fleming’s distinguished career. $22.50 

To order send check or money order to Dept. JN. Individuals must enclose payment. Institutions 


PUBLICATIONS 


i 


may request billing. 


Gi? COLUMBIA UNIVERSITY PRESS 


Address for orders: 136 South Broadway, Irvington, New York 10533 


















LABOR FORCE PARTICIPATION 
AND DEVELOPMENT 


A comprehensive survey of the economic 
factors that induce women above all, but 
also children, male youths, and the elderly, 
to seek gainful empicyment, or that deter 
them from doing so. The factors covered are 
mainly observed correlates of economic 
growth, such as changes in fertility, the 
growing need for cash income, the structure 
of employment, rising unemployment, rural- 
urban migration and‘ the spread of educa- 
tion. The work is partly based on evidence 
derived from some 20 case studies which 
are being published in a separate volume 
(Labor Force Participation in Low-income 
Countries). $14.95 


Os 


Ys 









MANAGEMENT OF WORKING TIME 
IN INDUSTRIALIZED COUNTRIES 


Based on a recent symposium, this book 
aims to identify the main problems arising 
in connection with various forms of arrange- 
ment of working time and to throw more 
light on the health, personal, family, social 
and occupational effects of shift work. $8.75 


TECHNOLOGIES FOR BASIC NEEDS, 
by Hans Singer 
This important book suggests new criteria 
for establishing socially oriented technology 
policies in the developing economies and 
demonstrates how technology can be re- 
lated to the fundamental objectives of satis- 
fying basic human needs. 

Cloth $14.95 Paper $9.95 


INTERNATIONAL LABOR OFFIC 


Suite 330 E, 1750 New York Avenue, N.W. 
` Washington, D.C. 20006 @ (202) 634-6335 
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inflation and the Money Supply in the United 
States, 1956-1977 

Peter |. Berman, The Conference Board 
160pp. $12.95 LC 78-4344 





LEE OME) 
Management of Foreign-Exchange Risk 
Laurent L. Jacque, The Wharton School, 


Theory and Praxis S 
INI] 





ISBN 0-669-02346-9 University of Pennsylvania 
Now available. LC 77-12281 
The Regional impact of Monetary Policy in the ISBN 0-669-01954-2 w 


United States 

Randall J. Miller, Federal Deposit insurance 
Corporation 

October LC 78-59750 ISBN 0-669-02373-6 





Regional Impacts of Federal Taxation Policy 
Theory and Estimation of Fiscal Incidence 
Thanos Catsambas, Yale University 

Now available. LC 77-12282 

ISBN 0-669-01953-4 








Economic Effects of Exchange-Rate Changes 
Klaus-Walter Riechel 

Now available. LC 78-58926 

ISBN 0-669-02376-0 







Coal in the U.S. Energy Market 

Richard L. Gordon, The Pennsylvania State 
pha 

240pp. $17.00 LC 77-14625 

ISBN 0-669-01987-9 







Weaith Redistribution and the Income Tax 
Principal Paper by Norman B. Ture 

edited by Arleen A. Lelbowitz 

144pp. $13.50 LC 77-18652 

ISBN 0-669-015067- 







Breadth and Depth in Economics: Fritz Machlup 
— The Man and His Ideas 

edited by Jacob S. Dreyer 

336pp. $16.00 LC 77-238 ISBN 0-669-01430-3 






A Model of the U.S. Balance of Payments 
Peter B. Kenen, Princeton University, in 
association with D. Peter Dungan, Dennis L. 
Warner 

464pp. $25.95 LC 77-11243 

ISBN 0-669-01899-6 






Lexington Books 
D. C. Heath and Company 
ae aula 125 Spring Strest 
Lexington MA 02173 
HEATH (617) 862-6650 (212) 924-6460 









The Evolution of the International Economic Order 
W. ARTHUR LEWIS 

“With great insight and brilliant clarity Prof. Lewis has produced a magisterial interpreta- 

tion of world economics over the last century.” — Charles P. Kindleberger, M.I.T. 


Sir W. Arthur Lewis perceptively illuminates aspects of recent economic history that have 
often been overlooked by observers of international affairs. In his provocative analysis of 
the present economic order and its origins, he suggests that developing countries are 
wrong to assume that their economic advancement depends on a transfer of wealth from 
the richer nations, and that the rich industrial nations underestimate the threat to their 
economic stability posed by demands for a new international economic order. 

The Eliot Janeway Lectures on Historical Economics, Princeton University (1977) 
Cloth, $7.50. Paperback, $2.45 














Political Control of the Economy 
EDWARD R. TUFTE 
“This book is extremely provocative. If every citizen were to digest this book, our system 
would not be as fouled-up as it is.” — Morris P. Fiorina, California Institute of Technology 


Speculations about the effect of politics on economic life have a long and vital tradition, but 

few efforts have been made to determine the precise relationship between them. Edward 

Tufte, a political scientist who helped cover the 1976 Presidential election for Newsweek, 

seeks to do just that. His sharp analysis and astute observations lead to an eye-opening 

view of the impact of political life on the national economy of America and other capitalist 
democracies. $10.00 


Princeton University Press 


Princeton, New Jersey 08540 
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“The main danger of protectionism is that it exploits 
N$ r Lid and fosters a misconception of a society's internal and 
J fi external interests which, properly defined, cannot be in 


conflict. ” 


TRADE LIBERALIZATION, 
PROTECTIONISM AND INTERDEPENDENCE 


RICHARD BLACKHURST NICOLAS MARIAN JAN TUMLIR 


The growth of international economic interdependence is viewed increasingly as perhaps a source 
of more problems than benefits. New trade restrictions are spreading and protectionist pressures in 
the industrial countries have reached levels unknown since the Great Depression. This study reports 
on the efforts of three GATT economists to answer some of the questions raised by these developments. 
Section | analyzes long-run trends in world production and trade. Section II outlines the case for further 
trade liberalization and evaluates anti-liberalization arguments. Section III traces current protectionist 
pressures to a reluctance to adjust in the industrial countries, and analyzes their likely economic and 
political consequences. The study is written in a non-technical style, and does not presume an extensive 
background in economic theory. 


Published November 1977. English, pp. 79+vii. Price $6.00. Also avaiiable in French and Spanish. 


Requests from colleges and university instructors for a complimentary examination copy (please indicate course 
title and enrollment), as well as regular orders, should be sent to UNIPUB, P.O. Box 433, Murray Hill Station, New 
York, N.Y. 10016 (North American orders), or to General Agreement on Tariffs and Trade, Centre William Rappard, 
164 rue de Lausanne, 1211 Geneva 21, Switzerland, 





Capital Accumulation and 
Income Distribution 


Denald J. Harris. This work seeks to provide a systematic 
interpretation of growth theory as it has taken shape since 
World War II and to develop an alternative approach to the 
theory of accumulation and distribution in the capitalist 
economy. A basic reference point is the system of ideas set 
forth by the English Classical economists and by Marx. 
Against this background the author assesses the modern neo- 
Keynesian and neo-Classical approaches, arguing that certain 
features of the Marxian approach are more helpful than the 
neo-Classical approach in explaining the process of expansion 
and periodic crises of capitalism. In the process, he points out 
areas where our knowledge remains incomplete, notably the 
process of technical change, the role of money, and the cyclical 
dynamics of capitalist economies. $15.00 


Stanford University Press 
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INTERNATIONAL STUDENTS * GRADUATE ADVISORS 
ADMISSIONS OFFICERS ¢ SPONSORING AGENCIES 


THE ECONOMICS INSTITUTE 


for international graduate students and professionals in 
economics and business 


MAKES A DIFFERENCE 
providing specialized transitional and short-term training opportunities 


COMPREHENSIVE SUMMER PROGRAM 
with intensive course work in 


E English E Mathematics 
E Statistics E Economic Theory 
and 
e Lecture and Seminar Programs on the U.S. Economy, 


Business and Management, Computer Fundamentals, 
Agricultural Economics, and Economic Development 


¢ Field Trips, Orientation and Intercultural Activities 


® Graduation Certificate, Transcript, and Accredited 
Advanced Course Work 


YEAR-ROUND INTENSIVE ENGLISH PROGRAM 


especially designed for economics and business students 
with supplementary training in mathematics, statistics, and economic theory 
as English proficiency improves 


ENTRY DATES TO SUCCESSIVE FIVE-WEEK TERMS 
Fall Program 1977: September 6, October 10, November 14 (program ends December 16) 
Spring Program 1978: January 16, February 20, March 27, May 1 
Summer Program 1978: June 12, July 17 (program ends August 23) 
Fall Program 1978: September 5, October 9, November 13 (program ends December 15) 


FOR FURTHER INFORMATION CONTACT 


The Director, Economics Institute 
c/o University of Colorado, Boulder, Colorado 80309 
Telephone: 303-492-7337 Cable: Econinst 


Established in 1958 under the sponsorship of the American Economic Association 
and endorsed by The American Assembly of Collegiate Schools of Business 
and The American Agricultural Economies Association 
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The Lessons of Wage 
and Price Controls— 


The Food Sector 
John T. Dunlop 


This book explores the operation and consequences of the 
1971-1974 freezes and controls in the food sector. It includes a dis- 
cussion of the impact of these crucial lessons of future planning. 
Contributors include: John T. Dunlop, Reginald J. Brown, 
Kenneth J. Fedor, Ray A. Goldberg, Glenn L. Nelson, and 
William M. Vaughn, III. $19.50 


Published by the Division of Research, Harvard Business School 
Distributed by Harvard University Press, Cambridge, MA 02138 


Harvard University Press 
Cambridge, MA 02138 


PUBLICATIONS FROM UNITED NATIONS 


TRANSNATIONAL CORPORA- In view of the importance of trans- 
TIONS IN WORLD DEVELOP- national corporations in world 
MENT: A RE-EXAMINATION development, it is hoped that this 
Prepared at the request of the report will make a useful contribu- 
Commission on Transnational tion to the general debate and pro- 
Corporations, this report is an inte- vide a factual background which 
grated study of the political, legal, may form a basis for a better 
economic and social effec:s of the understanding of the subject and 
operations and practices of trans- for appropriate policies. 

national corporations. It was felt Sales No. E.78.1LA.5 $12.00 
that the interrelationships of these 
effects made this necessary, as a 
sequel to the report published by 
the United Nations in 1973 entitled 
Multinational Corporations in 
World Development. 


SURVEY OF RESEARCH ON TRANSNATIONAL CORPORATIONS 
Fully-indexed by topic, researcher, institution and country, the Survey supplies material on corporate 
strategies, organization, and the political, legal, economic and social effects of transnational corpora- 
tions. aroviges a basis for the formulation of a code of conduct, further information analysis and ongoing 
research. 





Sales No. E.77.11.A.16 $20.00 
NATIONAL LEGISLATION AND REGULATIONS RELATING TO TRANSNATIONAL CORPORATIONS 
Sales No. E.78.11.A.3 $16.00 
WORLD ECONOMIC SURVEY 1976: Current Trends in the World Economy 

Sales No. E.77.11.C.1 $8.00 
SUPPLEMENT TO WORLD ECONOMIC SURVEY 1976: Recent Trends in the World Economy 

Sales No. E.78.11.C.2 $11.00 


UNITED NATIONS PUBLICATIONS UNITED NATIONS PUBLICATIONS 


Room A-3315 : Palais des Nations 
New York, N.Y. 10017 É i 1211 Geneva 10, Switzerland 
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CAN 
CAPITALISM 
SURVIVE? 


Joseph A. Schumpeter 


introduction by Robert Lekachman 






”A highly sophisticated interpretation of entrepreneur 
capitalism, one that is filled with challenges for those 
who believe that monopolistic practices constitute a 
long-run sabotage of the functioning of the system, 

or that we have entered a new period of permanently 
depressed rates of private capital formation...” 


—The American Economic Review 


CN 595 $2.95 
Harper & ROW Paperback Dept., 10 E 53rd St, New York, NY 10022 





@ THE LINGERING CRISIS OF YOUTH UNEMPLOYMENT 
Arvil V. Adams and Garth L. Mangum 
“This study is based on careful but imaginative analysis of new, heretofore 
unexplored data. Findings and recommendations of Adams and Mangum deserve 
the attention of policymakers and scholars alike.” Sar A. Levitan, George 
Washington University cloth © $4.00 


@ AN INVESTIGATION OF THE CONCEPTUAL AND QUALITATIVE 
IMPACT OF EMPLOYMENT TAX CREDITS 
Gary C. Fethke, Andrew J. Policano, and Samuel H. Williamson 
The authors explore the implications of the employment tax credit as a 
supply-management prerogative and analyze potential costs and benefits of such a 


program. paper © $2.50 

| w=. UPJOHN 
W. E. Upjohn Institute for Employment Research a INSTITUTE 
300 S. Westnedge Ave., Kalamazoo, MI 49007 . cor amrLovmenT 
Quantity discounts available. pean ection 
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HARVARD LAW SCHOOL 


CAMBRIDGE - MASSAGHUSETTS ' 02138 


Liberal Arts Fellowships in Law 


For the academic year 1979-80 Harvard Law School offers four or five Liberal Arts Fellow- 
ships to college and university teachers in the arts and sciences for a year at the Harvard Law 
School. Holders of these Fellowships will have the title of Fellow in Law and... (History, 
Sociology, Political Science, Economics, Philosophy, etc, depending upon their particular 
discipline). 

The purpose of the fellowships is to enable teachers in the social sciences or humanities to 
study fundamental techniques, concepts, and aims of law, so that, in their teaching and research, 
they will be better able to use legal materials and legal insights which are relevant to their own 
disciplines. 

Fellowship holders will presumably take at least two first-year courses in law, in addition 
to more advanced courses. and will participate in a joint seminar. The year of study will not 
count toward a degree. 


The fellowship grant covers tuition and health fees only. The Chairman of the Liberal Arts 
Fellowships Committee will be glad to write a letter to any funding agency to which the appli- 
cant has applied describing the Program and indicating the extent of the Committee’s interest in 
inviting the applicant to be a Fellow. 

Applications should include a biographical résumé (including academic record and list of 
publications), a statement explaining what the applicant hopes to achieve through his year of 
study, and two letters of recommendation (mailed to the Chairman directly from the referees). 
There is no special application form. 

Applications for 1979-80 should be submitted before January 15, 1979, to the Chairman, Com- 
mittee on Liberal Arts Fellowships, Harvard Law School, Cambridge, Massachusetts 02138. 

Awards will be announced before February 15, 1979. 

















Jos Opewnes ror Economists 


Available only to AEA members and instituiions that agree to list their openings. 
Annual Subscription Rates 


U.S.A., Canada, and Mexico (first class): $12.00, regular AEA members and institutions 
$ 6.00, junior members of AEA 

All other countries (air mail): $18.00, regular AEA members and institutions 
$12.00, junior members of AEA 

Please begin my issues with: 

[G] February CO April C] June C] August O October O December 


Name 
Address 





First Middle Last 























City State/Country Zip/PostalCode 
Check one: 

C] I am a member of the American Economic Association. 

C t would like to become a member. My application and payment are enclosed. 


E] (For institutions) We agree to list our vacancies in JOE. 
Send payment (U.S. currency only) to: 


THE AMERICAN ECONOMIC ASSOCIATION 
1313 21st Avenue South 
Nashville, Tennessee 37212 
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Corruption 
A Study in Political Economy 
By SUSAN ROSE-ACKERMAN 


The opening chapters of this interdisciplinary 
study demonstrates how the incentives for 


corruption depend upon political competition, . 


the knowledge of voters, and the organiza- 
tional structure of legislatures, interest groups, 
and bureaucracies. The discussion of these 
relationships contrasts outright bribery with 
legal campaign contributions and other forms 
of political influence. These chapters present 
a new ‘economic’ argument on behalf of the 
traditional democratic virtues of an informed 
citizenry. The second half of the book criti- 
cally discusses legal and administrative sanc- 
tioning strategies, and explores the possibili- 
ties for bureaucratic reform. The book con- 
cludes with an assessment of the link between 
political and administrative structure, on the 
one hand, and the moral scruples, ideologies, 
and professional norms of individual agents 
and citizens, on the other. 

1978, 272 pp., $16.95/£11.05 ISBN: 0-12-596350-5 


Applied Linear 
Programming for the 
Socioeconomic and 
Environmental 


u 
Sciences 
By MICHAEL R. GREENBERG 
A Volume in the. OPERATIONS RESEARCH 
AND INDUSTRIAL ENGINEERING Series 
Several unique features are contained in this 
broad survey of the basic methods of linear 
programming and its applications to the socio- 
economic and environmental sciences. The 
book presents a broader spectrum of appli- 
cations, more comprehensively covered, than 
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A Model of the Southern African-Type Economy 


By RICHARD C. PORTER* 


The purpose of this article is to give a 
broad, stylized picture of how Southern 
African economies “work,” of the behavior 
of the economic actors, of the constraints to 
and goals of white policy, and of the con- 
flicts and inefficiencies of resource alloca- 
tion, The model is heuristic, that is, aimed 
primarily at understanding rather than em- 
pirical application. It is sufficiently removed 
from an exact replica of the South African 
or Rhodesian economy that it is more ap- 
propriately labeled “the Southern African- 
type” economy. ! 

The basis of the Southern African-type 
economy is a market economy where mar- 
ket constraints and policy parameters are 
determined by whites and for whites. Despite 
this dominance, there are many restrictions 
on the feasible range of white policy, and 
there are fundamental conflicts between dif- 
ferent white groups and different white 
goals. Despite near complete power to fix 
white wage rates well above black wage 
rates and to preclude employers from hiring 
blacks to replace more costly whites, white 
policymakers cannot fully exercise their 
power lest they generate politically un- 
acceptable levels of white unemployment 
(see Section II). Even when full employment 
of white workers is achieved, the resource 


allocation is economically inefficient—that . 


is, the maximum potential white income is 
not realized. Further, there are conflicts 
between the interests of white capital and 
white labor; and the goal of high white in- 
come is in conflict with other white goals, 


*University of Michigan. I am particularly indebted, 
for criticism of earlier drafts, to G. H. Borts, A. V. 
Deardorff, S. L. Engerman, J. B. Knight, M. T. 
Nziramasanga, T. E. Weisskopf, and the referee. A 
longer version of this paper is available (Center for 
Research on Economic Development, disc. paper no. 
60) in which the South African foundations of the 
model and the development of the theory are handled 
more elaborately. 

lFor earlier models, see Stephen Enke and J. B. 
Knight. 
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namely, ‘“‘industrialization” and reduced 
economic dependence on blacks (see Sec- 
tion II). 

Over time, if the capital stock grows more 
rapidly than the white labor force, these 
conflicts are intensified between white capi- 
tal and labor and between the other white 
goals of growth, namely, industrialization 
and reduced dependence on blacks (see 
Section IV). Finally, the sense in which 
whites “exploit” blacks is explored: es- 
sentially it is that the potential gains of 
integrating the capital-abundant white 
economy with the labor-abundant black 
economy are captured by the whites (see 
Section V). 


I. The Model 


To understand the basis of the Southern 
African-type economy, it is useful to con- 
sider three sectors, one where black labor 
works without capital, a second where black 
labor works with capital, and a third where 
black and white labor work together with 
capital. The three sectors reflect in a simple 
way the actual spectrum of black-white, 
labor-capital relations. 

1) Reserves: In this sector, black labor 
works alone to produce output with con- 
stant average productivity of labor: 


(1) Xp = bLR 


where X is output, L is labor input, the sub- 
script R refers to the sector (reserves), and 
the superscript B to the color of the worker 
(black). The simplifications implicit in this 
production relation need some defense. In 
the reserves of South Africa—also called 
“homelands” or “Bantustans’”—the agri- 
culture is tribal, communal, traditional, and 
extensive. Thus, while they are hardly de- 
void of land and capital, the capital is mini- 
scule and largely self-produced, labor and 
land are applied in fairly fixed proportions, 
and constant returns to labor is probably a 
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satisfactory approximation. These reserves 
play three roles: i) the standard of living 
there, b per worker, provides a floor on 
which the black wage is elsewhere based;? 
ii) the reserves offer unlimited supplies of 
unskilled black labor to growing sectors; 
and iii) they provide a functional location 
for all black labor not demanded elsewhere 
in the economy.? 

2) Agriculture: The essence of this sec- 
tor is that its capital is white owned and its 
labor is black: 


(2) Xa = X (Ky, Lā) 


where the subscript A refers to agriculture, 
the variable K represents capital, and the 
function, X, (+) displays constant returns 
to scale and diminishing returns to each 
factor. Two critical simplifications should 
be noticed. One, there is no sector of the 
Rhodesian or South African economy in 
which white labor is not in fact found, at 
least in a supervisory or managerial ca- 
pacity. In agriculture and mining, however, 
white labor is of trivial quantitative im- 
portance. And two, land and any concomi- 
tant diminishing returns to it are neglected. 
Despite the large size of Southern Africa— 
in terms of cultivable nonreserve area per 
rural worker—defense of this assumption 
really rests on the grounds that the insight 
lost is small in comparison to the additional 
complexity incurred by explicit considera- 
tion of land. 

3) Industry: Both black and white labor 
work with white-owned capital to produce 
output in this sector: 


(3) X, = X (K L? + L?) 


where the subscript / refers to industry, the 
superscript E refers to “Europeans,”* and 


2The rural-urban migration decision is greatly sim- 
plified by assuming the marginal and average product 
to be equal (to b) and by ignoring migrant labor and 
the structure of the black family. See Walter Elkan. 

3Not incidentally in South Africa, the reserves also 
provide a separate geographic location. 

4Labels are, I realize, fraught with values, but here 
I choose “Europeans” over the more logical “whites” 
simply to save the letter w for wage rates. Note that, 
throughout, the additional and differential South 
African color bars facing ‘colored’? and “Asian” 
workers are ignored in this simple stylization. 
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the function X,(-) displays constant returns 
to scale and diminishing returns to each 
factor. Here, as with the other two sectors, 
the model presents a greatly simplified 
stereotype of reality. To begin with, one 
should note that white labor is quantitatively 
important not only in “industry” but also 
in a variety of public utility, commerce, and 
service (including government) sectors, Most 
critical, and warranting careful exdmina- 
tion, is the assumption that white and black 
labor services are perfect substitutes. In- 
deed, that black and white laborers are not 
treated as perfect substitutes is the very es- 
sence of the Southern African-type econ- 
omy. But the equally clear concomitant is 
that the differential treatment is not justi- 
fied by innate productivity differences; and 
the simplest way to capture this is to assume 
a one kind of labor model in which black 
and white labor are productively identical. 
Racial discrimination has appeared in 
many forms in South Africa—through ac- 
cess to education, apprenticeship, or on-the- 
job training, through access to certain oc- 
cupations, through white-black employment 
ratios, through union contracts, through 
direct government prohibitions, penalties, 
or rewards, through informal pressures, and 
through cultural predilection. Empirically, 
the most important means of discrimination 
today is the first of the above (see Knight 
and Michael McGrath); black workers 
simply cannot acquire the education and 
training necessary to qualify for the more 
skilled and better paid jobs. Here, in a 
model with only one kind of labor, no 
unions, and no education or training, it is 
helpful to consider an historically, though 
not currently, more important technique of 
discrimination, the job-reservation ratio, 


5 More realistic, but more complex, would be a two 
kinds of labor model with skilled and unskilled labor 
and capital all being imperfect substitutes (see P. R. 
Fallon and P. R. G. Layard). The discrimination then 
derives from the process by which white labor be- 
comes skilled and black labor remains unskilled. The 
greater realism of such a model is probably not worth 
the price in terms of greater analytical complexity; 
nevertheless, some ideas about that model are offered 
in footnotes throughout the paper. 

6For a history and description of the many facets 
of discrimination, see G. V. Doxey. 
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whereby a certain fraction of each em- 
ployer’s workers must be white (i.e., Euro- 
pean). Thus, 


(4) Li = e(L} + Lf) 


where c is the fraction of the total employ- 
ment in the industrial sector reserved for 
European labor.’ 

It is assumed that all actors in the agri- 
cultural and industrial sectors act com- 
petitively in both product and factor mar- 
kets. Further, the economy is seen as “small 
and open,” which means that world prices 
are unaffected by the supplies and demands 
of this economy. Thus we can take internal 
prices as determined completely by external 
market conditions and internal policy de- 
cisions—-that is, prices are exogenous to the 
model. (For convenience, all output units 
are normalized so that the price of each 
physical unit is one monetary unit.) De- 
mands for products can be ignored since 
any sector’s excess demand or supply can 
always be removed through international 
trade at the given and exogenous world 
market price.’ The various assumptions and 
omissions are made partly for simplicity, 
but mostly because it seems important to 
show that neither skill differentials nor the 
government budget nor external trade nor 
monopoly power is essential to an under- 
standing of the allocative and distributional 
workings of such an economy. 

Competitive profit-maximizing producers 
in the agricultural and industrial sectors 
employ labor up to the point where its mar- 
ginal revenue product equals its wage. In 
agriculture, where only black workers are 
hired, this means simply that 


(5) 6X,,/6L4 = 


7$ally Frankel has called this the “multi-racial team 
system”: “Over large sections of economic enterprise 
those responsible can increase or decrease the size of 
the team, but they cannot easily vary its proportionate 
racial composition...” (p. 120). Were two kinds of 
labor considered, c might be determined technologi- 
cally if skilled (European) and unskilled (black) labor 
had to be used in fixed proportions. 
8If internal prices are different from world prices, 
such trade will generate government revenues or ex- 
penditures. I ignore these for simplicity, although the 
: model would gain a giant step on reality if the govern- 
ment budget policies were considered. 
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where w® is the wage rate for black labor 
and 6 refers to the partial derivative. In in- 
dustry, the same criterion applies to the 
labor hiring decision, but the wage rate is 
more complicated; since hiring one worker 
means hiring a fraction c of whites and a 
fraction 1 — c of blacks, the relevant wage 
rate of one worker is a weighted average of 
the two wage rates: 


(6) 6X,/d(L7 + L7) = 


where w£ is the wage rate of European 
labor.’ I assume that, through government, 
management, and union actions, the three 
parameters (c, wë, and w£) are exogenously 
specified—although we shall see in later 
sections that not all combinations of c, w”, 
and w® are feasible."° 

Profit-maximizing firms also allocate 
capital so as to attain equality between its 
marginal revenue product and its cost: 


cwE + (1 — c)w? 


(7) ôX4/ôK1 = r4 
and 
(8) ôX,/ðK; = rı 


where r, and r, are the rates of return to 
capital in agriculture and industry, respec- 
tively. The total capital stock (K) is deployed 
between the two capital-using sectors, 


(9) K=K,+K, 


according to a function of the relative rates 
of return in the two sectors: 


(10) K4/K, = k(r4/r;) 


where k’ > 0.!! If capital markets were per- 
fect, then equation (10) would become r, = 


9For simplicity I assume that wi = we, although 
that is neither necessary nor realistic in the Southern 
African context. Implicitly, I think of wë as greater 
than b— which is realistic, though also not necessary. 
In short, the sectoral mobility of black labor is suffi- 


. ciently restricted through “influx control” that sizeable 


intersectoral black wage rate differentials can be, and 
have been, maintained. Needless to say, I consider 
only situations where w > w8, 

10In a two kinds of labor model, with substitution 
possible between skilled (European) and unskilled 
(black) labor, technology plus the wage rates wË and 
w8 might determine c, the proportions in which black 
and European labor are employed. 

11The prime refers to the derivative of the function 


k(-). 
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rı. Finite values of k’ are today more realistic 
in the Southern African context, and the ex- 
treme of sector-specific capital, that is, k’ 
equal to zero, will occasionally be con- 
sidered. 

Finally, both black and white labor 
forces must be accounted for. Whatever 
black labor is not demanded by agriculture 
and industry is sent to (or more accurately, 
not permitted to leave) the reserves, so that 


(11) Loa Le + LP + Le 


where L? is the total (exogenous) black 
labor force. Public policy in Southern 
Africa has been traditionally and strongly 
intolerant of white unemployment, so that 
for political equilibrium the system requires 


(12) LE = LF 


where Z£ is the total (exogenous) white 
labor force. 


H. The Solution 


Since the system of twelve equations which 
comprise this model is largely recursive, it 
is possible to solve it sequentially, and in 
the process gain an understanding of the 
underlying economic mechanism. Consider 
equations (2), (5), and (7). With constant 
returns to scale and diminishing marginal 
products, the black wage rate determines 
output per worker, capital per worker, and 
the rate of return to capital in agriculture. 
Similarly for the industrial sector—equa- 
tions (3), (6), and (8). Given the wage rate 
(i.e., the average of the wage rates of white 
and black labor, weighted by the fractions 
in which they are employed), output per 
worker, capital per worker, and the rate of 
return to capital are determined. 

The total stock of capital at any time will 
be allocated between the two capital-using 
sectors (equation (9)) according to the rela- 
tive rates of return to capital earned in these 
sectors (equation (10)). Since these rates of 
return are already determined by the pro- 
duction functions once wages are set, they 
` are inalterable despite the mobility of capi- 
tal; preferences of investors, given these 
rates of return, then determine the absolute 
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size of the capital stock in each sector. Im- 
perfect mobility of capital would insure that 
both sectors would exist even when r, = r}. 
Once capital is allocated between the two 
sectors, the prior determination of factor 
proportions means that the absolute level of 
output and employment in each sector is 
determined. Thus for agriculture L4 is de- 
termined; for industry the sum L? + LF is 
determined. Then job-reservation rules 
(equation (4)) determine the racial composi- 
tion of the industrial work force. Once de- 
mands for black labor are satisfied in agri- 
culture and industry, the remaining black 
workers are “allocated” to the reserves 
(equation (11)). 

The economy has allocated its resources. 
There is, however, no reason to suppose 
that the white labor demanded by industry 
will be equal to the white labor force (equa- 
tion (12)).!* Should unemployment appear 
in their ranks, whites can act to alleviate it | 
through alterations in one (or more) of the | 
key parameters of the model, c, w7, and w”. 
After all, these are not fixed by technology 
but rather by (white) policy; hence they are 
subject to change through unicn-manage- 
ment negotiations and/or through govern- 
ment minimum wage and job discrimination 
policies. Let us consider the impact on white 
employment of a change of c, wf, and w”, 
each separately. 

1) Change in the white wage rate wë: A 
reduction in the white wage rate lowers the 
average rate in industry and hence reduces 
the capital-labor ratio and increases the 
rate of return to capital there. This draws at 





12 Mathematically, there are twelve equations, eleven 
variables, and parameters. The solution requires that 
at least one of those parameters be treated as a vari- 
able. 

3Throughout, we will treat these parameters as 
independent and under the control of “policy.” This 
is of course solely for analytical convenience; there 
are innumerable political and historical forces push- 
ing, constraining, and linking these policy parameters. 
Indeed, most of the economic writing on South 
Africa is concerned with these forces—and more 
specifically, with the question of whether growth and 
industrialization tend to end or to perpetuate dis- 
crimination, For a summary of this debate, see David 
Yudelman. 
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„least some new capital into the industrial 


sector. The total labor force in the industrial 
sector is increased in two ways, by the in- 
crease in K, and by the fall in (K/L),. Since 
white labor makes up an unchanged con- 
stant fraction (c) of the total industrial 
abor, white and black employment in in- 
lustry both rise. Cuts in the white wage 
‘ate can therefore serve to ameliorate white 
inemployment. 

2) Change in the job-reservation ratio c: 
An increase in the job-reservation ratio 
neans a higher effective wage rate in in- 
justry, which raises its capital-labor ratio, 
owers its rate of return to capital, and in- 
luces a movement of capital out of the 
sector. The total labor force in the industrial 
sector is reduced in two ways, by the decline 
n K, and by the rise in (K/L),;. What 
1appens to white employment is not clear— 
vhites form a larger fraction of industrial 
‘mployment, but total industrial employ- 
nent has fallen. Thus, an increase in the 
ob-reservation ratio (c) is not a sure cure 
‘or white unemployment; indeed, a decrease 
nc may be called for to increase white em- 
sloyment. Whether white employment rises 
yr falls when c increases depends primarily 
yn the degree of convexity of the industrial 
oroduction function. 

3) Change in the black wage rate w*: A 
eduction of the black wage rate would ap- 
year to be the surest means to white full 
mployment-—-as well as the politically most 
icceptable means (to whites).'4 Such a re- 
luction reduces the effective wage rate in 
he industrial sector and raises the rate of 
‘eturn to capital there. This in turn reduces 
he capital-labor ratio and draws capital 
nto the sector, both forces for increased 
‘mployment and hence, given the job-reser- 
ration ratio, increased white employment. 

There is, however, one problem with this 
easoning. The lower black wage rate ap- 
ilies to the agricultural sector as well; thus 
he rate of return to capital increases there 
oo. Whether capital moves into or out of 


14 Provided, of course, that the wage rate remains 
ufficiently above the black worker’s opportunity cost 
n the reserves that the reduction does not dry up the 
low of black labor to agriculzure and industry. 
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the industrial sector depends upon whether 
the rate of return to capital rises more in 
industry or agriculture. Accordingly, the re- 
duction of the black wage rate is not a cer- 
tain means to increase white employment; 
an increase in black wages may be needed 
to increase white employment. Of course, if 
the mobility of black labor between agri- 
culture and industry could be sufficiently re- 
stricted, it might be possible to reduce the 
black wage rate in industry but not in agri- 
culture, which would have the desired effect 
on white industrial employment. 

In sum, the model does not yield a solu- 
tion for just any values of the key policy 
parameters: the black wage rate w’, the 
white wage rate w“, and the job-reservation 
ratio c. Despite their control of the political 
mechanism, and their near complete power 
to determine the mobility, job opportuni- 
ties, and wage rates of blacks, whites are 
constrained by economic reality. As long as 
whites are unwilling to accept unemploy- 
ment as part of the solution, there are limits 
to the values of w”, wf, and c they can 
select. 


III. Conflicts 


Recall that, by the Southern African-type 
economy, I mean an economy where the 
whites use their position of political domi- 
nance to constrain the opportunities of 
blacks in order to raise white incomes. Yet, 
even if the white population were so mono- 
lithic as to seek no goal other than the 
maximization of its own total income,’ the 
process is not easy from a political point of 
view. There is an easy part: the black wage 
must be put as low as possible, consistent 
with the ability of agriculture and industry 
to attract the black workers they need from 
the reserves. Then comes the hard part: 
Maximization of total white incomes im- 
plies an economically efficient solution; and 
efficiency implies in turn that the private 
cost of labor to capitalists equal the social 
opportunity cost. This means that all in- 
dustrial and agricultural labor, white as well 


\S That is, the sum of wê LË, r;K;, and r4 K4. 
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as black, should be priced at the same rate, 
namely the constant marginal value product 
on the reserves (b) plus (or minus) whatever 
differential is required to induce blacks to 
leave the reserves.'® 

In short, efficiency requires that identical 
factors of production be priced identically. 
But politically, in the Southern A frican-type 
economy, this is impossible. The mechanism 
which would be required, namely, taxation 
of high returns to white capital in order to 
make transfers to low-wage white laborers, 
neither exists nor is thinkable.'’ Indeed, one 
of the oldest and strongest foundations of 
South African economic policy has been 
its “civilized labor” policy, whereby the 
white wage rate must always be high 
enough to maintain, without income supple- 
ment, “the standard recognized as tolerable 
from the usual European standpoint.” !® 
Thus, with profit-maximizing competitive 
capitalists and without a system of transfers 
from white capital to white labor, an ef- 
ficient solution is not practicable. 

Where there is no acceptable mechanism 
for redistributing income between white 
capitalists and white workers, the tradeoff 
between the two white shares becomes an 
allocative as well as a distributive problem 


16Consideration of a model with two kinds of labor 
greatly alters this discussion of efficiency. The wage 
rate difference (wE > w8) then does not imply that 
identical labor is being differentially rewarded; w is 
the wage rate of skilled labor and w® of unskilled 
labor—the extremely biased process by which only 
whites become skilled may be appallingly inequitable, 
but it is no longer necessarily inefficient. But other 
new sources of inefficiency enter; here it must suffice to 
note them: i) If the ability to absorb education (de- 
fined as you will) of the most apt excluded black is 
greater than that of the least apt included white, 
there appears inefficiency in the sense that any given 
quantity of training is not achieved at least cost; and 


ii) If the skill differential (i.e., wē — w?) is set too high, . 


employers will employ too few skilled workers—in the 
sense that the opportunities for training labor whose 
additional productivity exceeds the marginal training 
cost are not exhausted. 

17 At least, as an explicit transfer policy. Taxation of 
capital to expand public employment of whites (and 
coloreds) is partly so motivated, but, unless the 
public employment is productive, this introduces an- 
other source of inefficiency. 

18From a 1924 government statement, quoted in 
Muriel Horrell, p. 57. 
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of public policy." To illustrate this tradeoff, 
I make two further assumptions, that capi- 
tal is completely immobile between sectors 
and that the black wage rate is already or 
elsewhere determined. Then the rate of re- 
turn to capital in agriculture is determined 
and hence also the total earnings of white 
capitalists in agriculture. The problem then 
reduces to that of finding the income possi- 
bility frontier between white labor income 
and white capital income within the in- 
dustrial sector. Formally, policy seeks to 
maximize white labor incomes in industry 
(cw*L,) subject to three constraints:” i) a 
given level of white capital income (i.e., 
r,K, = a constant); ii) full employment of 
white labor (i.e., cL; = LF); and iii) mar- 
ginal product determination of labor hiring 
(i.e. 6x,/6L, = cwF + (1 — c)w*). But the 
constraints leave nothing to maximize. The 
first constraint, the floor to white capital 
income, determines the z, which, in turn for 
a well-behaved neoclassical production func- 
tion, determines the capital-labor ratio 
(K/L),, and hence L, (since K, is assumed 
given). The second constraint then forces a 
level for c. And the final constraint fixes 
w®, For any given return to industrial capi- 
tal, the white wage rate (and hence white 
labor income) is determined. 

This income possibility curve is illustrated 
in Figure 1, with white labor income on the 
vertical axis and white capital income on 
the horizontal axis. Different slopes and 
curvatures are possible.2) Only two things 


19[n South Africa, the tradeoff is also a cultural and 
political problem. The government and white labor are 
predominately “Afrikaner” (i.e. of Dutch descent), 
and the capitalists “English.” That apartheid policies 
are more fervently backed by Afrikaners is not in- 
consistent with economic advantage. 

pu refers to the total industrial labor force, L + 
Li . 

21Note. the end points of the income possibility 
curve. At the northwest, it must cease once r; has 
fallen so low, and hence (K/L); risen so high, that c 
must equal one to achieve full white employment, 
given K}. At the southeast, there is no practical in- 
terest in considering wë < wë. As we move from the 
point where c = 1, by lowering wË and hence raising 
Li, the income of capitalists must rise; whether the 
income of white labor rises or falls depends on the. 
magnitudes of second derivatives of X7(-). 
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are certain: i) that the entire curve falls 
inside (i.e., below) the dot-dashed 45° line 
which shows the maximum attainable total 
white income (achievable only if wE = w’); 
and ii) that if there are upward-sloped seg- 
ments, they are dominated (as the hatching 
of Figure 1 shows). 

Thus there are conflicts between capital 
and labor in this white dominated economy, 
even when the single goal is so seemingly 
straightforward as maximization of white 
incomes. But such maximization is not the 
only goal; and the existence of other goals 
introduces further sources of conflict. It is 
difficult to distill the essence of “the” goals 
of South African whites: their policy as well 
as their philosophy displays an inconsistency 
that is inevitable where the black presence is 
deplored while the white living standard de- 
pends upon it. Nevertheless, two broad 
kinds of economic goals seem to emerge. 

One, the concept of apartheid has eco- 
nomic as well as political and social mean- 
ing. It means that black labor should work 
separately from white labor. In part, this 
simply means that instead of increasing the 
fraction of black workers in all industry, 
new factories with a high percentage of 
black workers should be located away from 
the white cities (i.e., the “border areas in- 
dustrialization”” program; see Trevor Bell). 
‘But it also has meant a continued resistance 
o the rising importance of black labor in 
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agriculture and, even more, industry. This 
resistance stems both from labor’s fear that 
white full employment is threatened and 
from a more profound fear of excessive 
white economic ‘‘dependence” on black 
labor which could eventually endanger the 
whites’ political and social dominance. 
Thus, one goal of the Southern African- 
type economy is a reduction in the level (or 
growth rate) of black employment outside 
of the reserves. 

And second, South Africa has long en- 
couraged the growth of industry at an even 
faster rate than the natural forces of eco- 
nomic development evoke. In this, it is no 
different from nearly every developing 
country of the past two centuries; and it has 
employed the standard policies of tariff pro- 
tection, tax advantage, and direct subsidy 
to encourage the industrialization. This 
goal, stems partly from the usual beliefs 
about the inferiority of primary products 
and the positive externalities and dynamic 
benefits generated by industry, but in South 
Africa there is much more. Policies to en- 
courage industry emerged at the same time 
as excessive fragmentation of farm owner- 
ship was creating a class of “poor whites” 
in the cities. As whites refused to do the 
unskilled rural work (reflected in the model 
by the absence of L4), it was necessary to 
encourage a rapid growth of demand for 
white labor in industry to insure a politically 
feasible distribution of the rising average 
white standard of living. 

Finally, since World War II, changes in 
international attitudes and the political 
structure of Africa have generated a fear of 
isolation through economic sanctions; in- 
dustrialization reduces the dependence of 
South Africa on its mineral exports and its 
industrial imports. Although trade is ig- 
nored in our model, these concerns can all 
be reflected in the model as a goal of higher 
levels (or higher growth rates) for industrial 
output, industrial capital, and the rate of 
return to capital in industry. 

These various goals are summarized, in 
simplistic fashion, in Table 1. In the column 
labeled Goal, the sign indicates the direc- 
tion of change desired, ceteris paribus, in 
various relevant variables of the model (and 
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TABLE 1—RELATION OF POLICY INSTRUMENTS TO GOALS 











Variable Goal Aw > 0 
X,/X4 + = 

LF + - 

L? - 7 

La - + 
LELE - ? 
K,/K, + - 

ri + = 

TA + 0 

Xp + a 


a few combinations of variables, namely, 
X,/X4, L + L}, and K,/K,). The impact 
on these goals of changes (A) in each of the 
three parameters (w“, c, and wê) are shown 
in the next three columns (the final column, 
labeled Ap > 0, is discussed shortly); posi- 
tive parameter changes are examined be- 
cause these are the preferred directions of 
change.” The signs of Table 1 are readily 
derived since the analysis follows closely 
that of Section H. The conflicts are clear. 
For many desirable parameter changes, the 
impact on the goals is uncertain without de- 
tailed quantitative information about the 
economy’s technological and behavioral re- 
lations. And, where the qualitative effect is 
certain, it is usually in the wrong direction 
from the viewpoint of the goals. 

Does price policy offer an escape from 
these uncertainties and conflicts? Assume 
that agricultural output (i.e., both X, and 
Xp) is not only the numeraire good but also 
the output in which both wage rates (i.e., 
w and wë) are denominated, and that the 
government’s tariff policy permits it to vary 
the domestic price of industrial output. Ex- 
plicit consideration of the internal industrial 
price requires change in the model only of 
equation (3) to 


(3’) X, = pX(K,, Li + L?) 


22That higher wË and c are preferred is obvious. 
The case for higher wë is less clear; it rests on the 
whites’ hopes for labor stability, international re- 
spect, and urban quiet. 


Parameter Change 


Ac>0 Aw? >0 Ap>0 
— ? + 
? ? + 
— ? + 
+ ? — 
? ? ? 
— ? + 
- - + 
0 - 0 
? ? ? 
? ? ? 


where p is the price of industrial output. An 
increase in p shifts the domestic value of 
production function upward; from the view- 
point of producers, such a rise is equivalent 
to a Hicks-neutral technological improve- 
ment. Thus, an increase in p will raise the 
rate of return to capital and reduce the 
capital-labor ratio in industry. Since the 
rise in p has no impact on the rate of return 
to capital in the agricultural sector, capital 
is drawn into industry. This together with 
the lower capital-labor ratio insures an in- 
crease in industrial employment (of both 
black and white labor, since c is assumed 
unchanged). These changes are summarized 
in the final column of Table 1. Again there 
is uncertainty about the net impact on black 
labor in agriculture and industry. But with 
this exception, the policy of raising p con- 
tributes quite satisfactorily to the various 
goals of white policy. 

While it is fairly realistic to treat black 
wages as being fixed in terms of food, the 
rise in p surely lowers real white wages; 
moreover, if white full employment has al- 
ready been achieved, the rise in p creates 
excess demand for whites. However, it is 
possible to combine rises in p and w® so as 
to maintain a constant level of white em- 
ployment. This result requires that the pro- 
portionate increase in the capital stock of 
industry be exactly equal to the propor- 
tionate rise in the capital-labor ratio there.” 


23Since Ly = LE/e = K,/(K/L);. p 
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At the new equilibrium with higher p and 
w but L, unchanged: i) the rate of return to 
capital in industry is higher; ii) output per 
worker in industry is higher; and iii) total 
industrial output (at world prices as well as 
at domestic prices) is higher. Note also that 
total black employment off the reserves is 
reduced, since their industrial employment 
is unchanged and their agricultural em- 
ployment is reduced as agricultural capital 
declines and no change in (K/L), occurs. 

From the viewpoint of the white voters, 
this combined policy, rising p and rising w, 
would seem an almost ideal solution. How- 
ever, one must look not at the nominal but 
at the real income changes involved. As- 
sume that all whites, both laborers and 
capitalists, buy some food (at unchanged 
prices) and some manufactures (at now 
higher prices). Clearly, agricultural capi- 
talists lose since not even their nominal rate 
of return has risen. The real rate of return 
to capital in industry may also have fallen; 
the nominal rate rises less than industrial 
prices, so if these capitalists spend most of 
their income on manufactures, they will be 
worse off. And the nominal wage rate of 
white workers has risen by more than in- 
dustrial prices, so no matter what their 
consumption pattern, the real white wage 
rate has risen.” Thus, the simultaneous rise 
of p and wë does increase industrial output 
and reduce white dependence on black 
labor, but it does so at the cost of possibly 
serious income redistribution among whites, 
from capital (especially agricultural capital) 
to labor. 

Moreover, there is a loss in the total out- 
put of the economy, measured in world 
prices—that is, the sum of Xp, X4, and X, 
is reduced. The movement of labor from 


24When the value of production function increases 
by a factor p, an equal proportional increase of the 
weighted-average industrial wage cw + (i — c)w, 
would imply that the new tangency be at the same 
capital-labor ratio as before. Since the capital-labor 
ratio rises, the proportionate increase in the weighted- 
average wage rate exceeds the proportionate increase 
of industrial prices. But the white wage rate is only a 
part of that weighted average, and the rest (i.e., 
- {1 — c)w8) does not rise at all. So wË rises, a fortiori, 
«by proportionately more than industrial prices. 
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agriculture to the reserves cannot increase 
output since the marginal product of each 
black worker in agriculture wë must have 
been at least as high as his opportunity cost 
in the reserves b, after adjustment for any 
nonpecuniary differences. The movement of 
the first unit of capital from agriculture 
to industry involves no loss since the owner 
must have been indifferent between his earn- 
ings in agriculture and in industry. As sub- 
sequent capital flows occur, there is no 
change in the rate of return to capital in 
agriculture, since capital and labor are 
withdrawn together there (at constant 
(K/L),). But the addition of this capital to 
industry is made with a constant industrial 
labor force, and hence the rate of return to 
capital in industry must fall. In short, there 
is a decline in total output in world prices, 
that is, the real output. The gainers (white 
labor) gain less than the losers (white 
capital) lose. 

This section can be summarized in a sen- 
tence. The complete white domination of 
the economy and its policy parameters does 
not free whites from awkward conflicts and 
contradictions between the subclasses of 
white labor and white capital and between 
the different policy goals which whites 
simultaneously seek. 


IV. Dynamics 


As a first step to uncovering the growth 
paths of the Southern African-type economy, 
let us ignore (quite unrealistically) technical 
change and assume (realistically) that none 
of the fruits of accumulation are passed on 
to black workers. 

Consider first the path of balanced 
growth, by which I mean that the capital 
stock, employment, and output in both 
agriculture and industry all grow at the 
same constant rate. If the black wage rate is 
held constant over time and unlimited sup- 


25 This gives a somewhat inaccurate picture of South 
African tariff policy and problems. Actual policy has 
protected both industry and agriculture while taxing 
the exports of the mining sector. Our model is not 
large enough to analyze this situation, but it does 
point out the potential conflict evoked by tariff policy. 
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plies of black labor continue to be available 
from the reserves, growth in the agricultural 
sector occurs at a constant rate of return to 
capital. Thus, balanced growth (of labor, 
capital, and output) in agriculture can occur 
at any growth rate. 

If the behavior of the capital market in 
allocating new capital between agriculture 
and industry is unchanging over time, 
balanced growth of the capital stocks K, 
and K, requires that the relative rates of re- 
turn to capital r,/r,; remain constant. Since 
r, is constant for any agricultural growth 
rate, r; must also remain constant if balanced 
growth is to occur. But this requires that the 
weighted-average industrial wage rate 
cw® + (1 — c)w® remains constant over 
time. Since w? is constant, this means that 
w® can rise only if c falls. 

What happens to c depends on the rela- 
tive rates of growth of the total capital stock 
in the economy and the white labor force. 
Balanced growth means that the rate of 
growth of the total capital stock is also the 
sectoral rate of growth of capital and em- 
ployment in each of agriculture and in- 
dustry. But the rate of growth of white em- 
ployment in industry is given at the 
exogenous growth rate of the white labor 
force. Thus, when the total capital stock 
grows at a more rapid rate than the white 
labor force, c must decline. And, since the 
weighted-average wage rate in industry 
must remain constant, the white wage rate 
must rise. 

Balanced growth would seem a heart- 
warming proposition for whites. The rate of 
return to their capital is not falling and the 
wage rate of their labor is rising. The con- 
flict arises with respect to the other goals of 
Southern African development—that is, a 
reduced dependence on black labor and an 
increased industrial share of total output. 
Balanced growth does not support the latter 
goal by definition; and even balanced 
growth requires the growth of black em- 
ployment in industry at a faster rate than 
capital and output there. 

The introduction of technological change 


26 Over 1911-70, real South African Gross Domestic 
Product (GDP) grew at over 4 percent per year, while 
the white population grew at less than 2 percent. 
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alters the balanced growth analysis very 
little. With Wê still constant, technical 
progress in agriculture, assumed disem- 
bodied for simplicity, raises the rate of re- 
turn to capital there. Balanced growth 
requires that the rate of return to capital 
rise equally rapidly in industry. Depending 
on whether technical progress is greater in 
industry or agriculture, the weighted-average 
industrial wage rate will have to rise or fall. 
In this case, blacks are being denied any 
share in the fruits of either the capital ac- 
cumulation or the technical progress, but it 
is not clear who the white beneficiaries are. 
Capitalists surely gain, since rates of return 
to capital rise; but whether white laborers 
share in the gains due to such progress de- 
pends on i) the relative rates of technical 
advance in industry and agriculture, and 
ii) the degree of factor substitutability in 
the industrial production function. The in- 
come gains due to technical progress are not 
automatically divided between white capital 
and white labor in politically acceptable 
shares. 

Finally, note the impact on this economy 
of inflows of foreign capital or of increased 
white immigration. This is easily done, since 
the former means basically a more rapid 
accumulation of capital and the latter a 
more rapid rate of growth of the white labor 
force. The impact of each on the paths of 
output, employment, etc. is easily derived, 
but the interesting question is how these 
changes affect the well-being of the blacks. 
The answer is: little. The black wage rate 
w can be set, within limits, wherever the 
white policymakers wish. Higher rates of 
capital accumulation or lower rates of white 
labor force growth will, ceteris paribus, re- 
duce c, and the former will raise L; as well. 
If one accounts participation of blacks in 
the “modern” (i.e., nonreserve) sectors as 
adding to their well-being, then there is 
some positive impact.” 


21In reality, more rapid capital accumulation in 
industry means not only a more rapid decline in ¢ but 
also increased training and better access to skilled jobs 
for blacks. The model, with but one kind of labor, 
cannot treat this. The model also cannot consider the 
possibility that investment in black human capital or 
by foreign capital will gradually force a rise in the 
average black wage rate. ‘ 
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The desire in South Africa for faster rates 
of foreign capital inflow and for white im- 
migration points up anew the dynamic con- 
flicts of goals and means there. Greater 
capital inflow is sought in order to accel- 
erate industrialization, even though it means 
a more rapid decline of c. And greater white 
immigration is sought to repair the damage 
to c, even though it in turn reduces the rate 
at which w” can rise. i 


V. Exploitation 


Finally, the model yields insight into 
what is ultimately the most interesting ques- 
tion: exactly how does Southern African ex- 
ploitation of blacks by whites occur? In 
order to answer this question, however, we 
must carefully define the word “exploita- 
tion.” One straightforward and statistically 
sensible measure is the income disparity. By 
most measures, South African income is the 
most inequitably distributed in the world.” 
A second and analytically more interesting 
concept is the divergence of factor prices 
and marginal products. By this approach, 
the exploitation is seen to arise in the indus- 
trial sector, where each white laborer whose 
wage rate exceeds his marginal product by 
(1 — c)w? — w?) is seen to exploit each 
black laborer, whose (identical) marginal 
product exceeds his wage rate by c(w® — w?). 
A third approach to exploitation is the 
comparison of the political solution actually 
reached with the efficient competitive solu- 
tion discussed earlier. Then the white work- 
ers are seen to be exploiting not blacks (who 
cannot be much exploited if w? is near b 
which in turn is near subsistence) but white 
capitalists. 

There is also a fourth, and I think more 
interesting, way of looking at the question 
of exploitation, namely, that it arises from 
the whites’ ability to integrate the black and 
white economies to the whites’ advantage. 
Then the allocation and distribution solu- 
tion of the Southern African-type economy 
should be compared with an efficient com- 


28 The poorest 40 percent of the population receives 
only 6.2 percent of the income, the lowest percentage 
of the sixty-six countries surveyed by Montek 
Ahluwalia, pp. 8-9. 
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petitive system in which white capitalists 
(and laborers) do not have the opportunity 
of using black labor, that is, a complete 
economic apartheid of black and white fac- 
tors of production. The manner of exploita- 
tion is most sharply seen in the industrial 
sector. To simplify the analysis at first, it 


‘will be assumed that capital is completely 


immobile between sectors; then, the mar- 
ginal product of industrial labor can be 


‘ plotted against labor, as in Figure 2, Con- 
` sider first the situation where no black labor 


can be used. Full employment of the white 
labor force LË requires a wage rate of wË 
(s refers to segregation). The total earn- 
ings of the (white) industrial capital are 
represented by the area a, and the total 
earnings of the white industrial labor by the 
sum of the areas E + y + 6. Now consider 
the situation where black labor can be hired 
at a wage rate of wê. Suppose Li (i for inte- 
gration) total laborers are hired. The job- 
reservation ratio c; is determined by the 
need to maintain white full employment 
(i.e., c; = L*/Li); and the white wage rate 
wf is determined by the need for the 
weighted-average wage rate to equal the 
marginal product of labor at Li. Now, the 
total earnings of industrial capital are 
represented by the areas, a + 8 + €; inte- 
gration clearly increases the earnings of 
capital. The total industrial labor earnings 
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are represented by the areas, y + ¢ +ô + n; 
since the black workers (i.e., Li ~ LF) must 
be paid a wage rate of wê, the white labor 
earnings are represented by the area, y + 
¢ + ô. It is not certain whether integration 
has benefited white workers—this depends 
upon whether ¢ = @. But it is certain that 
all whites together, laborers plus capitalists, 
gain by integration to the extent of the areas 
e+ ¢, 

We can now see the source and extent of 
the exploitation. When the races are sepa- 
rate, the white economy is relatively capital 
abundant, as indicated in Figure 2 by the 
low earnings of capital a, and the high wage 
rate w£, The black economy has no capital 
and the marginal product of black labor is 
low. The chance to integrate these very 
different economies offers great potential 
for gain. The model shows that exploitation 
occurs in the sense that this gain is cap- 
tured by whites.” 

The exploitation in agriculture is more 
elemental. There without the merger, there 
is no white labor at all, so the entire in- 
come of white capital derives from its 
capture of the gains from “trade”? with 
black labor.-Here, too, unless w? exceeds b, 
white capital extracts all the gains, raising 
its income share from zero. Of course, if 
racial segregation were established, even- 
tually either white labor would move to 
agriculture or agricultural capital would 
move to industry. But the qualitative results 
are not changed and the quantitative mag- 
nitudes are exacerbated. Regardless of 
whether white labor or agricultural capital 
moves, the relative capital abundance of 
white industry is increased, so that the po- 
tential gains from integration would be 
even greater. 

It should be noted in closing that this dis- 
cussion of exploitation is entirely static and 
ahistorical. If the “black economy” had not 
been “merged” with the white economy, it 
might have, but presumably would not 
have, gone on forever as a capital-less, 


29 Recall that the actual allocation is inefficient, so 
that some of the potential gains from integration go 
unrealized (namely, the area @ in Figure 2). 
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‘technically stagnant reserve.” Sensible eco- 


nomic policy by independent blacks could 
have eventually created saving, growth, and 
diversity in the black economy. The merger 
of the black economy into the white econ- 
omy and its consequent subjugation to 
white policy have denied this possibility; 
white development efforts have gone pre- 
ponderantly to the augmentation of techno- 
logical capacity and white human and 
physical capital in the modern sectors 
where whites could gain most from access 
to cheap, unskilled black labor. Mean- 
while, the continued low productivity of the 
reserves has made a continued low wage 
rate for black labor possible. This brings 
out the ultimate paradox of white policy: 
while the demands of internal politics evoke 
a rhetoric of “separate development,” the 
continued exploitation of blacks requires 
both their integration and their non- 
development. 


30Similarly, without blacks to exploit, the white 
economy might nevertheless have become an Australia 
(or an Argentina). 
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Optimal Tax Schedules and Rates: 
Mirrlees and Ramsey 


By ROBERT COOTER* 


The formulation of a utilitarian tax 
philosophy in the nineteenth century by John 
Stuart Mill and others did not lead to the 
conclusion that there should be a progres- 
sive income tax.! That conclusion was 
reached by Francis Edgeworth when he 
demonstrated that equal marginal sacrifice 
requires equal after-tax income for different 
individuals in the absence of “‘announce- 
ment effects” from taxation.2? The proof 
established a presumption that a utilitarian 
tax philosophy requires progressive income 
taxation, which lies behind contemporary 
ability-to-pay arguments for progressivity. 

Edgeworth recognized the important ef- 
fects of income taxation upon work effort, 
but he was unable to incorporate these ef- 
fects explicitly into his mathematics. Recent 
formulations have corrected this omission 
and a revision of utilitarian tax philosophy 
is underway which is as fundamental as 
what took place after Edgeworth first ob- 
tained his results. The pioneer in this work 
is James Mirrlees.’ Unfortunately, much of 
the theoretical literature is technical and 
abtruse. This paper derives the fundamental 
theorems by methods which are intelligible 
to anyone familiar with the Maximum Prin- 
ciple. There are also modest extensions of 
known results. The first part of the paper 


*Department of economics, University of Cali- 
fornia-Berkeley, and The Institute for Advanced 
Study. The study was funded in part by a grant from 
the National Science Foundation. 

1“Mill favored neither an income tax nor (except in 
special circumstances) the application of progression” 
(Harold M. Groves, p. 33). 

2See Harold M. Groves, ch. 6; also see Edgeworth. 
I assume that the necessary tax revenues are not 
realized before taxation has equalized incomes. 

3The original papers were by Mirrlees (1971) and 
Fair (1971); a major extension is found in Mirrlees 
(1976). 

4There are many expositions of the Maximum 
Principle. For example, see Robert Dorfman or 
Kenneth Arrow and Mordecai Kurz. 
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deals with the simple two-good model and 


takes advantage of many simplifying as- > 


sumptions; the second part concerns opti- 
mal tax schedules for several commodities; 
the third part derives Ramsey-type rules for 
the taxation of commodities which are sus- 
ceptible to tax rates but not schedules, in a 
context where there are many persons and 
many goods. 


I. Optimal Income Taxation with Two Goods 


The original papers on optimal income 
taxation concerned the effect of taxation 
upon work effort or investment in educa- 
tion. My exposition will be based upon the 
effort-incentive model, in which the in- 
dividual responds to the tax by adjusting 
his labor supply. The individual’s utility 
function is written 


u = u(—y,x) 


where x is consumption, y is labor, and u 
is assumed to be concave and twice differ- 
entiable. Individuals differ with respect to 
their productive skill n, which is assumed 
to be equal to their gross wage rate. Total 


wages before taxation for an ‘‘n-person” | 


are the product of his wage and labor sup- 


ply: z = yn. Consequently, we may write | 


the problem of individual choice by an 
n-person 


max u(—z/n, x) 
Z,x 


subject toz — T(z) — qx > 0 

where 7(-) is the income tax schedule; q is 
the price of x, which may as well be unity in 
the two-good model. I shall assume an in- 
terior solution, so the first-order conditions 
are 


(1) u, = nl — T'(-))¥ 
un = Y 
z — T(J- x=0 
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“Note that ¥ is the Lagrange multiplier 

| which indicates the marginal utility of ex- 
yenditure. Subscripts on functions indicate 
yartial derivatives. 

A feature of this model is that an individ- 
ial’s productive skill or hourly wage is as- 
sumed to be independent of the tax struc- 
ure; consequently, there is a distribution 
‘(n) which is unaffected by the control 
variable. I also assume f(n) to be contin- 
ious. Let x, and y, indicate the consump- 
ion and labor of an n-person. The subscripts 
ierve to remind us that the variables depend 
ipon the person’s productive skill; I omit 
hese subscripts in the text to avoid clut- 
ered notation. The government’s problem 
s to maximize an additive social welfare 
unction G(u(-)) subject to the govern- 
nent’s revenue need R and the labor-supply 
‘esponse of individuals: 


2) max Jn? Gu(—z/n, x) f (n) dn 
subject to 


3) R = fy? T@)f(n)an 
4) T(z) =z-x 


“or convenience we take NM, and N, to be 
ionnegative and finite. The government 
chooses the tax/subsidy schedule T(-); it 
ilso chooses the consumption schedule x, 
ind the income (hence labor supply) sched- 
ile z,, but choice is constrained by the in- 
lividual maximizing conditions (1). 

We may use the Maximum Principle to 
wolve this problem if we reformulate the 
constraints as differential equations. First 
we combine (3) and (4); and then differ- 
mtiate the combined equation so that the 
zovernment’s budget constraint can be writ- 
‘en as a differential equation and a terminal 
rondition: 


5) DR = (z — x)f(n) 
6) Ry, = R 


2 


Il 


5Relaxing this assumption makes little difference 
o simulation results with linear tax schedules. See 
Martin Feldstein. 

§In fact no one has an hourly wage which is nega- 
‘ive or infinite. 
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(The symbol D is used throughout for the 
derivative d/dn.) I substitute (5) and (6) for 
(3) and (4) in the maximization problem; by 
this step I eliminate one control variable, 
namely T(-), and add a state variable, 
namely R,. Of course T(-) is still chosen 
implicitly since it is the difference between 
income and consumption for each person. 

The next step is to write the individual 
maximizing conditions (1) as a differential 
equation. Define the utility of an n-person 
when z and x are optimally chosen to 
satisfy (1): 


(7) v, = max u(—z/n, x) 

By differentiating with respect to n we ob- 
tain 

(8) Dy = (—u,Dz/n + u,Dx) + u,z/n? 

I wish to simplify (8). Differentiate the in- 
dividual’s budget constraint with respect to 


n and substitute the other two conditions 
from (1) into it, which leaves the equation 


(9) —u,Dz/n + u,Dx = 0 
In view of this fact, (8) may be simplified. 
(10) Dy = u,z/n? 


Equation (1) implies (10); it will be as- 
sumed that the converse is also true. The 
special circumstances under which this 
equivalence does not hold are a technical 
detail which is relegated to a footnote.’ By 
this assumption we may substitute the con- 
straints (7) and (10) for (1). In fact we may 


simplify further by inverting (7) z= 


g(v,x,n). (vy, is monotonically decreasing in 
Z,, SO inversion is permitted.) This inversion 
enables us to eliminate z, as a control and 
use v, as a state variable. The final form of 
the problem is 


N2 
max dy G(v) f(n) dn 
subject to 


7The individual maximizing conditions (1) are suffi- 
cient for (10); the problem is that (1) is not necessary 
for (10). The problem cases occur along a path z,, 
x, which satisfies (10) but not (1). Such a difficulty 
would arise along a path of constant consumption 
and income: 0 = Dx = Dz. This problem is discussed 
in Mirrlees (1976). 
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Dv = u;(—g(v, x, n)/n, x) + g(v, x, n)/n? 
DR = (g(v, x,n)—x) f (n) 
with the terminal condition Ry, = R and 
the initial condition Ry, = 0, where x, 
is the control and the state variables are v, 
and R,; by straightforward application of 


the Maximum Principle we obtain the 
Hamiltonian and first-order conditions: 


H = Go) f(a) + wui(-) g(-)/? 
+ Nel) — S (n) 


I: 6H/dx, = 0 

I: 0H/dv, = -Du 
HI: H/R, = —Dr 

IV: Dv, = u,-g(-)/n? 
V: DR, = (8(-)-) fl) 
VI: Ln, = Hy, = 0 

(transversality conditions) 

VII: Ry, = 0; Ry, = R 

All of the theorems are obtained by in- 


terpretation of the necessary conditions 
I-VH. 


THEOREM 1: A person with higher pro- 
ductive skill enjoys at least as high utility as 


a person with lower productive skill; for-. 


mally, Dv, > 0. 


PROOF: 

The theorem follows directly by inter- 
preting the signs in condition IV. This 
first theorem reflects the fact that a person 
with higher ability can always earn the 
same income and pay the same taxes as 
someone with lower ability, but enjoy 
greater leisure. Theorem 1 is the motivation 
for Figure 1 in which equal utilities is only 


achieved at the origin by tax rates which’ 


are so high that neither person works. 
Figure 1 illustrates a limitation of income 
taxation, namely that the point of equal 
utility for everyone is off the Pareto fron- 
tier. 


THEOREM 2: The marginal tax rate on in- 
come is less than one; T' < \. 
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PROOF: 

Condition IV is equation (10), which im- 
plies (1) by assumption. The first condition 
in (1) can be written 


T' = l gi u; /¥n 


In an income interval where T’ > 1, an in- 
crease in gross income produced by a sacri- 
fice of leisure would result in a decrease in 
income net of tax. No one would exchange 
labor for a decrease in income, so no one’s 
preferred z will fall inside this interval. 
Either everyone will choose z below that 
interval, in which case the marginal tax in 
the interval may as well be reduced, or else 
someone’s utility function will have two 
local maxima, in which case there is a non- 
convexity. The theorem tells us more about 
the limiting assumptions of the model than 
about reality. 


THEOREM 3: The marginal tax rate is nil 
for the person of lowest ability and for the 
person of highest ability,’ T'(zy,) = 
T'(zy,) = 0. 


PROOF: (i) Expand condition I to obtain 


8The original observation that marginal taxes are 
nil at the upper end was made by Efraim Sadka anc 
Edmund Phelps; the observation that marginal taxes 
are nil at the lower end is attributed to Seade (1975). 


ma 
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= SF = pf Wuigin?)} + Me. - DS 


(ii) Observe that 


B = Z = marginal rate of substitution 


= +1/(1 — T’) from the individual 
maximizing conditions (1) 


(iii) Combine (i) and (ii) to obtain the mar- 
ginal income tax rate: 


T’ = —uf+} 
ASB. 
(iv) The theorem fellows immediately 


from (iii) and the transversality conditions 
VI 


Hn, = By, = 0 


The transversality conditions require the 
shadow price yu, to be nil at the upper and 
lower ends of the integral because the state 
variable v, is unconstrained by “initial or 
terminal conditions. (At the optimum the 
vector of shadow prices must be orthogonal 
to the tangent plane on the manifold repre- 
senting the initial or terminal constraints.) 
There is a simple interpretation for the 
conclusion that marginal tax rates should 
be nil for the person of greatest productive 
skill. Consider any tax schedule with 
T'(zy,) > 0; now construct another tax 
schedule identical to the first for all z < zy, 
and set the right derivative T’(zy,) = 0, as 


shown in Figure 2, Tax collections from 
every individual are the same under both 
schedules, so no one of lower ability is 
worse off. However, the person of highest 
ability has a larger opportunity set under 
the second schedule and he may choose to 
work more; since his welfare is improved, 
the original schedule cannot have been 
optimal under the Pareto criterion or any 
social welfare function which gives positive 
weight to his interests. 


Proving that the tax schedule is non- 
decreasing is difficult in spite of the triviality 
of the result. The following theorem is 
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proved in the Appendix: 


THEOREM 4: The optimal income tax 
schedule is nondecreasing (T' > 0) if the 
following conditions are met: 

(i) Cross partial is nonnegation.? u, > 0 

(ii) The marginal social value of leisure de- 
creases with ability: d(G'u,)/dn < 0 


If one person enjoys a higher hourly wage 
than another, then he enjoys higher utility 
according to Theorem 1. An implication of 
assumption (i) is higher consumption in- 
creases the value of leisure; assumption (ii) 
requires the tax system to assign less weight 
to his leisure. In other words, assumption 
(ii) requires the tax system to distribute 
leisure in a way which offsets unequal con- 
sumption, which is why the assumption is 
appealing. 

From Theorems 3 and 4 we can conclude 
that there is a zone of increasing marginal 
tax rates and a zone of decreasing mar- 
ginal rates; they do not increase everywhere 
as might be supposed from the Edgeworth- 
Pigou tradition. Furthermore, the zone of 
decreasing marginal rates occurs at a higher 
income level than the zone of increasing 
rates. If the marginal tax rate for the opti- 
mal schedule has a single maximum, then 
the schedule of marginal rates is concave, 


9The role of the cross partial’s sign in determining 
the nonnegativity of the marginal tax rate is discussed 
by Sadka. 
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with an interior maximum. Of course the 
theorems tell us nothing about the rate at 
which the optimal marginal rates approach 
zero; simulations must determine whether 
Theorem 3 is useful or a curiosity. What 
conclusions can be drawn about progres- 
sivity? Progressivity means that an increas- 
ing proportion of income is paid in taxes; 
we can conclude nothing about progressivity 
from the theorems because they refer to 
marginal rates only and say nothing about 
the intercept (tax on zero income). It seems 
reasonable from simulations (and can be 
proven under particular circumstances) that 
the tax rate on zero income will be negative; 
a demogrant will be paid to everyone. The 
theorems say nothing about its size so I can 
say nothing about average tax rates. 

The two-commodity model captures the 
disincentive effects of income taxation upon 
work effort. An obvious criticism of this 
model is that it tells nothing about a gen- 
eral system of taxation; I shall remedy that 
in the next section. 


W 


II. Tax Schedules for Many Goods 


It is administratively possible to have a 
tax schedule for goods other than income. 
For example housing is subsidized (nega- 
tive tax) for some people at a rate which 
varies with their expenditure upon it. In 
this section x is interpreted as a vector of 
goods, each of which is susceptible to a tax 
schedule. However, it is unrealistic to as- 
sume that a tax schedule is administratively 
feasible for every commodity; for most 
commodities government must be content 
with tax rates, particularly when resale is 
possible. Let c = (¢,,¢2,...,¢,) be a vector 
of commodities which are susceptible to tax 
rates but not tax schedules. Mirrlees’ prob- 
lem is to optimize the tax schedules for z 
and x, and Ramsey’s problem is to optimize 
the tax rates for c. I set up the control prob- 
lem and solve Mirrlees’ problem in this sec- 
tion; in the next section Ramsey’s problem 
will be solved. 


10This is a standard result when the optimal tax is 
linear. See Eytan Sheshinski or the author and 
Elhanan Helpman. 
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I wish to maximize the weighted sum of 
utilities subject to the government’s budget 
constraint and the conditions for individual 
utility maximization. As in Section I, the 
key to the problem is formulating the con- 
straints as differential equations. First con- 
sider the problem of individual utility maxi- 
mization. In the general formulation an 
n-person must solve 


(11) max u(—z/n,x,c) 


subject to 
-Z + T(z) + L (PiX; + Q'(x;)) 


J 


I 
[en 


m 
3 


labor income 

income tax 

= (Pi; P2, . . -), seller’s prices 

(X1, X2,...), a vector of con- 
sumption goods 

tax schedule for x; 
(91,42,...), buyer’s prices 
(€1,¢2,...), a vector of con- 
sumption goods 

net expenditure 


where 


ll 1l 


xs SN 
| 


Q 
q 
c 


m 


Equation (11) can be expressed as a dif- 
ferential equation if we follow the same 
tack as the two-good case. Define utility as 
a function of the optimally chosen com- 
modity bundle (satisfies (11)): 


(12) Y» = max u(—z/n, x, c) 


Differentiate this function and the budget 
constraint in (11) with respect to n; combine 
these results with the first-order conditions 
in (11) to obtain our familiar differential 
equation: 


(13) Dy 


1 


ô 
a u(—z/n,x,e) 


u,z/n? 


il 


Notice that (11) implies (13); it will be as- 
sumed that the converse is also true. (This 
assumption was discussed for the two-good 
case in fn. 7.) 
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It is customary to set up Ramsey’s prob- 
lem by using the indirect utility function 
rather than the direct utility function, be- 
cause the government chooses consumer 
prices rather than quantities. Similarly, we 
shall use the expenditure function so that 
we can make the vector of buyer’s prices q 
into the control variable, rather than the 
quantities c. Consider any system of tax 
schedules T and Q. What is the minimum 
expenditure which realizes a particular 
utility level v, given z/n, x, and q? 


(14) min -z + T(z) 


+ x [ pix; + O'(x,)] + 3 GG 


subject to u(—z/n,x,c) 2y 

Let the solution be the expenditure func- 
tion 
(15) m = m(q,Y, —z/n, x) 


with the partial derivatives being Hicksian 
demand 


(16) m+) = ¢ 


By substitution into (13) we can eliminate c 
from the differential equation, 


(17) Dy = (z/n?)u,(—z/n,x,m,) 
The differential equation we have been 
seeking is (17). 

We can write the revenue constraint as a 
differential equation and a terminal condi- 
tion just as in the two-good case. The final 


formulation of our general problem is writ- 
ten 


max ee G(v) f(n) dn 


subject to 
Dv = (z/n?)u,(—z/n,x,m,(-)) 
DR = (z _ 2 Pix; — 2 pm S 


and the conditions 
Ry so. 0 


Ry = R 
The controls are z, x, and q; the state vari- 
ables are v and R. 
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I find the following first-order conditions 
by application of the Maximum Principle: 


H = GOS + ZCO) 


+ A(z - x PiXi — 2 pym,(-)) f 


ôH ôH 
I: 0 = — = — 
` Oz Ox 


ik -Dp = ÎE 
ov 
aH 


: -DÀ = 
II À aR 


ĝu 
IV: Dy = — 
: on 


V: DR =(z - È pix- X pitts) f 
VI: w(N1) = w(N2) = 0 


VII: Ry, = 0; Ry, = R 


Different values may be chosen for z, x, v, 
and R at different values of n; the vector of 
prices g may also be chosen, but q is in- 
variant with respect to n. The first-order 
condition on the choice of the q’s is ob- 
tained by the usual reasoning in the calculus. 


VIE 0 = 2 allk 
oq, 


where J = Th {G(») f(a) + 


u(n) —Dv + hi A( -DR 
+(z = x PiXi — 2 pım;)) f(n)}dn 


Theorems 1 and 2 and their proofs carry 
over from the two-good case without any 
change, so there is no need to repeat them. 
Theorem 3 is revised slightly: 


THEOREM 3': The change in direct and in- 
direct tax liability that results from a mar- 
ginal increase in labor income (and hence a 
marginal increase in expenditure) is nil for 
the person of lowest ability and highest 
ability; formally, ifn = N, or N,, then 
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0-2 [TO + E Ve) + E ym) 


where r = q — p. (See the Appendix for 
proof.) 


The reader will recall from the heuristic 
. explanation in Section I that it is inefficient 
to discourage these people from supplying 
an additional unit of labor, which is why 
they face zero marginal tax rates. In the 
multicommodity case, this means that the 
marginal influence of direct and indirect 
taxation must be nil. 

An implication of Theorem 3’ is that the 
direct tax liability from a marginal increase 
in labor income for the person of lowest or 
highest ability must be negative if the in- 
direct liability is positive. In other words, 
positive commodity taxes at the optimum 
imply a subsidy on marginal income from 
labor for the worst-off person and the best- 
off person. In view of this observation, I 
cannot expect to prove that the optimal 
marginal income tax is nonnegative every- 
where; instead I must frame our non- 
negativity proposition in terms of the total 
tax liability from marginal earnings: 


THEOREM £: The change in direct and in- 
direct tax liability, d[-]/8z, that results from 
a marginal increase in labor income is non- 
negative if the following conditions are met: 
(i) Goods subject to tax rates and leisure 
have nonnegative cross partials: du, /dc; 20 
all j. 

(ii) The marginal social value of a dollar de- 
creases as utility increases: d(G'WV)/dv < 0. 


(See the Appendix for proof.) Assumption 
(ii) is appealing because it is fundamental 
to the ability-to-pay tradition, in which the 
tax system is used to equalize differences in 
utility levels. : 

The assumption that the utility function 
is additively separable between leisure and 
other commodities has strong implications; 
the following theorem is similar to a 
proposition by Mirrlees (1976). 


THEOREM 5: If leisure is additively separa- 
ble from commodities then the change in tax 


DECEMBER 1978 


liability that results from a marginal increase 
in use of any of these commodities is nil; for- 
mally, ifuy, = Qali k, then 


ETO + E OE) +E um) = 0 
Xk i i 


(See the Appendix for proof.) 


This theorem implies, for example, that 
there should be no tax/subsidy on housing 
if there is a tax/subsidy on labor income. 
This result is not surprising once we 
recognize that the path of the state variable 
y, is independent of the x’s in the separable 
case by condition IV. Control over the path 
of utilities is achieved by manipulation of 
z; manipulation of the x’s adds nothing. 


III. Tax Rates for Many Commodities 


I shall review Ramsey’s problem and his 
classical conclusions before generalizing 
them. The Ramsey problem is to choose 
commodity taxes which will meet the 
government’s revenue need at minimum 
loss of utility to a single, representative con- 
sumer. There are various statements of the 
solution; I shall offer four of them after a 
comment on notation. 

The notation is consistent throughout the 
paper; W is the marginal utility of expendi- 
ture and A is the shadow price on govern- 
ment revenue. The ratio ¥/\ converts pri- 
vate expenditure into units which are 
comparable to government revenue, which 
is taken as the unit of account. So it is use- 
ful to introduce the symbol w = 1 — W/h,. 
which is the deviation of the social value of 
private expenditure from its nominal value. 
Thus 1 — w is the social value of private 
expenditure. 

Four versions of Ramsey’s rules are as 
follows:!! 


PROPOSITION 1: (Cost = Benefit) The 
social cost of the reduction in private expen- 
diture from a marginal increase in the tax 


\1The four versions of Ramsey’s rules can be de- 
rived by solving max v(p + t) + A(t'e — R). See Peter 
Diamond and Mirrlees. 
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rate on any commodity equals the resulting 
increase in government revenue; formally 


(1 - wm()= È allik 

OT, 
PROPOSITION 2: (Diamond and Mirrlees) 
The ratio of the tax revenue from a marginal 
increase in the tax on any commodity to the 
quantity of that commodity is constant; for- 
mally 


ðR/ð Tk 

Ck 
PROPOSITION 3: (Ramsey) The optimal 
set of commodity taxes reduces the consump- 


tion of every commodity by the same propor- 
tion; formally 


= (1 — w) allk 


Sa mais Se ow ait 
is 7 j îm 


where m;¿(+) is the Slutsky substitution term. 
(Notice that the right side of the equation is 
independent of k.) 


PROPOSITION 4: (Ramsey) When cross- 
price elasticities are nil, the optimal tax on 
any good is inversely proportional to its 
elasticity of demand; letting 6, be the tax on 
value (OP = Tk), 


Ok = w/n, allk 


where n, is the demand elasticity (defined to 
be positive). 


There are two differences between 
Ramsey’s rules and the propositions which 
Iam about to derive from the general for- 
mulation. First, in Ramsey’s problem the 
price of one commodity is varied while 
holding other commodity prices constant; 
in the general problem one control is varied 
while holding the others constant, which in- 
cludes z and x. Some of the price effects 
which I shall examine do not permit a 
general equilibrium response by the con- 
sumer; rather he is constrained to respond 
by adjusting only his consumption of ¢,, 
C,,.... In particular the price elasticity of 
government revenue in the following 
theorems differs from measured elasticity 
to the extent that consumers respond to 
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changes in tax rates by adjusting demand 
for goods subject to tax schedules. 

Second, in Ramsey’s problem the social 
value of private expenditure (1 — w) is the 
same on every good, but it is different for 
each good in the general problem. It is the 
same in Ramsey’s problem because there is 
only one consumer and he equates the mar- 
ginal utility of expenditure on different 
commodities in order to maximize utility. 
It is different in the general setting because 
different consumers buy the same good in 
different quantities and the marginal social 
utility of expenditure is different for differ- 
ent consumers. In brief the general problem 
must take account of the distributional con- 
sequences of commodity taxes. 

Additional notation is required. Define 
m, to be the nominal cost (compensating 
variation) of a small increase in the price of 
commodity cg: 


mM, = ke m; fdn 


The social cost is obtained from the nomi- 
nal cost by converting private expenditure 
into units comparable to government reve- 
nue and taking account of the distribution 
effect: thus —uY/À is the marginal rate of 
substitution between m and R. It is the 
shadow price of an m-person’s expenditure 
when government revenue is the numeraire. 
In addition m, is the labor supply of an n- 
person, or, if you will, the private worth of 
the gross wage; the distribution effect is 
captured by m,,, which is the effect of the 
price increase upon the private worth of the 
gross wage. Now define w,: 


W = — hy at m,,dn/m, 

The social value of private expenditure 
(1 — w) figured prominently in Propositions 
1-4; in their generalization it is replaced by 
1 — wx, which is the average social value of 
expenditure on cp. 

The generalizations of Ramsey’s results 
are obtained from condition VIII: 

0 = — all k 
89k 

The theorems are shown in the text; the 
proofs are in the Appendix. 
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THEOREM 6a: (Cost = Benefit) The social 
cost of the reduction in private expenditure 
from a marginal increase in the tax rate on 
any commodity equals the resulting increase 
in government revenue from commodities 
ĉis C2,..-3 formally 
(wim i all k 


Tk |xz 


THEOREM 6b: The ratio of the tax revenue 
from goods c,,C2,... caused by a marginal 
increase in the tax on any commodity, to the 
weighted quantity of that commodity is a 
constant; the weight is the average social 
value of private expenditure on the com- 
modity. Formally 


ôR/ðTk | xz 
Y= 1 allk 
(1 — w) 


where T, is total consumption of commodity k. 


THEOREM 6c: The optimal set of com- 
modity taxes reduces the consumption of 
good k by a proportion which is decreasing 
in the average social value of private expendi- 
ture on that good; consumption of all goods 
are reduced in the same proportion if the 
average social value of private expenditure is 
the same for each good. Formally, 


Ine x 7, my, fdn ii 
- — a 


Ck 


= Wk 


THEOREM 6d: When cross-price elastici- 
ties are nil within the commodity group c,, 
C2,..., the optimal commodity tax is in- 
versely proportional to the “average” demand 
elasticity and decreasing in the average social 
value of private expenditure on the commodity; 
formally 


b, = = all k 
n 
where 0,P, = Tk 
Ze _ N2 qk Oc, d 
ý Sy Tk qk Jee 





We can obtain corollaries to our theorems 
by using the following facts, which are de- 
rived from the definition of w,: 
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(i) Cra = 0) => (w; = 0) 
(ii) (u < 0 & m, > 0) = (w, > 0) 
(iii) ( < O & my < 0) = (wy < 0) 


For example, we obtain the following corol- 
lary by plugging these facts into Theorem 
6d: ; 


COROLLARY: Assume that cross-price 
elasticities are nil within the commodity 
group cı, c3... . The optimal tax rate on c, is 
(i) nil if the consumption of c, remains con- 
stant when earning ability n increases, (iì) 
positive when consumption of c, increases 
with earning ability n and we have the stan- 
dard case where u < 0, and (iii) negative 
when consumption of c, decreases with earn- 
ing ability n and we have the standard case 
where u < 0. 

(i) tells us that tax rates are inferior policy 
tools when their use has no distributional 
impact; we should use tax schedules. (ii) 
and (iii) tell us that commodity taxes should 
reduce differences in utility levels. 


IV. Concluding Remarks 


An objection to the optimal income tax 
literature is that it tells nothing about a 
general system of taxation. We have seen 
how to remedy this complaint by deriving 
the major theorems in a setting with many 
persons and many commodities. Intuitions 
about tax schedules obtained from the 
Edgeworth-Pigou tradition are misleading; 
that tradition leads us to expect that mar- 
ginal tax liability from labor income will 
rise everywhere, but we find that it rises at 
first and later falls. The conclusion is inde- 
pendent of the particular value of the elas- 
ticity of laber supply, provided that its sign 
is not perverse or zero. The Ramsey results 
on commodity tax rates hold up in the 
general setting after adjustments are made 
for distributional effects of expenditure on 
different goods. 

There remains another objection to this 
literature, namely that it incorporates only 
one kind of incentive effect from taxation; a 
large object is balancing precariously on a 
small pedestal. In particular it tells us noth- 
ing about the incentive effects from taxation . 
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of income from capital. This criticism misses 
the mark insofar as income from capital is 
obtained in proportion to an expenditure of 
effort, as with human capital. It also misses 
the mark if capital accumulation is a conse- 
quence of saving, since the elements of x 
may be dated commodities. However, rapid 
capital accumulation by an individual is 
typically a consequence of superior infor- 
mation, either about techniques (innova- 
tion) or markets (insiders). Our model does 
not capture the effects of taxation upon the 
creation and distribution of information; 
this reflects the unsatisfactory state or ab- 
sense of a general theory of an economy in 
which information is costly. 


APPENDIX 


Lemma used in proving Theorem 4: 


If d(G'u,)/dn < 0, as assumed in Theorem 
4,thenp < 0. 


PROOF: 
(i) By II we have 


-Duti = UG ARDS] +L (Alas 


define a and b so that 
= [a(n)] + [b(n)]u 
(ii) Solve the linear differential equation: 
—p(n*) = ie a(m) exp{ J b(m)dmn\dm 


The exponential function is nonnegative, so 
the sign at each point along the integral is 
given by sign of a(m). 


(iii) g\(-) = ~n/u, by expanding the de- 
rivative 
. -(G yy 
+ aqm) = (G'S — xy) 


(a(m) > 0) = (G'u,/n > A). 


` (iv) From (iii), the assumption that G’u, 
is monotonic decreasing, and the fact that » 
is constant, I conclude that a(m) changes 
sign no more than once and any change is 
from + to —. The conclusion follows from 
(ii) and the transversality conditions 0 = 


H(N,) = a(Na). 
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pe au) 


THEOREM 4: T’ > Oif 
(i) un > 0 
(ii) d(G’u,)/dn < 0 


PROOF: 
(i) From proof of Theorem 3 we have 
0H 


04 =p’ [uyg/n?] + Al- DS 


l 
MR TaT 


vaden 2 2 
Ir l = Wie [u,-g/n*] 


(ii) u < 0 by preceding Lemma. à is a 
constant by III; we can see that it is positive 
by complementary slackness. 

(iii) We need only prove that d[u,-g/n?]/ 
ax > 0 to establish the theorem. We pro- 
ceed by differentiating: 


0 
gy 68/0) = 
(-88xU /N + guy + 8,u,)/n? 


We know that u, < 0 by concavity. Also 
g, is the marginal rate of substitution be- 
tween z and x, which is positive. The con- 
clusion follows from the assumption u, > 0. 


Comment: Obviously there are weaker con- 
ditions under which T’ > 0. It is sufficient if 
Uy. È gxu /n — 
condition on the cross partial in the theorem 
because it is intelligible, not because it is 
general. 


Lemma used in proving Theorem 4’: 


If d(G'¥)/dv < Oas assumed in Theorem 4’, 
then u < 0. 


PROOF: 
a a ily fl. 





TA )] » by eerie Il; define a 


and b 


= [a(n)] + [6@)]u 


765 


g,u,/g. I have used the’ 
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Ñ TOS (v) By Condition VI we have u(N,) = 
Gi) E ym) = ET u(N>) = 0; this fact and (iv) establishes the 
theorem. 
ay Ft. 
j qj¥ 


by the individual maximizing conditions (11) 


(ey -ag WL 
<. a(m) = (G'¥ 2 g) ¥ 


Notice that >> 7m is constant as m varies. 
J J 
(iii) The proof is completed by following 
steps (ii)-(iv) in the proof in the preceding 
Lemma (used in proving Theorem 4), re- 
calling that v is increasing in n by Theorem 1 
so that (dG' F /dv < 0)}= (dG' Y /dn < 0). 


THEOREM 3': If n = N, or N,, then ð/ðz 
[tax liability} = 0. 


PROOF: 
(i) The individual’s budget constraint 
may be written 


tax liability = 7(z) + x Q'(x;) + 2 rm) 
2 p;m,(-) 


=z- È pixi- 


whereq=p+r. 

(ii) Suppose that we increase labor in- 
come z by a small amount for some n- 
person on the optimal path. The other con- 
trols are held constant. Part of the income 
will be taxed and the rest will be spent. 


From / we have 
om, -) 
we (tax liability) = 1 - © p; me: 
Oz j Oz 


(iii) From Condition I we have 


_ oH du 
ia ad a = 


+ ACL - EPs aoe for alli 


(iv) Combining (ii) and (iii) gives 


ane 


(tax — 


THEOREM 4’: d[tax liability] /dz > 0 if 
(i) du, /dc; > Oall j 
(ii) a(G' W)/dv < 0 


PROOF: 
(i) From the proof of Theorem 3' we 
have d[tax liability|/@z = —p/Af{a(du/dn)/ 


dz}. 


(ii) u < 0 by the preceding Lemma; 
d > 0; hence we only need to prove {-} > 0. 

(ili) Repeat step (iii) of the proof to The- 
orem 4 to get [@[du/dén}/dz] > 0 by using 
the assumption on the sign of the cross par- 
tials. 


THEOREM 5: (uy = (2 (T py 
k i 

Q'(x;) + 2 zjm;(-)) = 0) 

PROOF: 


(i) Following steps (i)-(iii) of the proof 
to Theorem 3’, we obtain 


— ne (34) = M-pe— Ly) f all k 
@[tax liability] 
ax; = ~pR- 2 Mik 


Combining the above 
ôltax liability] _ =H 2 (au) 
Ox; = Nf dx, ðn 


(ii) [2] = uz/n? by expanding the 
n derivative 


= Oassumingu = 0 allk 


(iii) Theorem 5 follows from (i) and (ii). 


Lemma invoked in Theorem 6a: 
d[du/anjog = —Ym, 
PROOF: (see Mirrlees, 1976) 
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(i) Define the indirect utility function u*: 


iH 


u*(—z/n,x, q,m(q, —z/n, X, u)) 
max [u(—z/n, x, c):2q;¢; 


IA 


m] 
= ð (OU ô 
(ii) TAT Gap (Dv) 


by (12) and condition IV 


zð _aut 
nê O94, d(—z/n) m 
ô ðu* \ dm 
+ paa foio 
öm IC z/n) Og, 
Rewrite the preceding expression in sim- 
pler notation: 








z 
= pa (CAA + ukm) 


(iii) Roy’s Rule: uj, = ~ Ym, 
(iv) Combine (ii) and (iii). 


ð õu Z ð 
aq A T w l ð(—z/n) (Fey) 


+ u*,m,| for v constant 


z d(m,(-)) 
= — [-W 
l ô(—z/n) 
7 Mru? E utam] 
a -Emy 
using m, = c, and dW/d(—z/n) = un, = 


* 
Uim 


THEOREM 6a: (1 — w,)m, = 2% 


OTK xz 


PROOF: 
(i) By VIII we have 


ðJ N ð du 
0 = LL = ff ee 
aq, Ni T ( =) 


-A £ pmf} dn allk 
j 
(ii) By the preceding Lemma, we have: 


ð (du 
—— | —} = -Fm 
TAF nk 
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(iii) 2, pym,; = 2,j(q; — T;)Mj since p; = 
q; — t,allj 


but >) g;mj;, = 0 (See John Hicks, p. 311.) 
i 
~ ÈE pmyjy=- È TjMg; 
j j 


(iv) The change in tax revenue is 
aR 
4, 


= Ny ð 


x "M dk 
[T(2) + X Q'(x;) + py t;m;] fdn 
where[-] = tax liability by definition 
= if (m, + 2 Tm) f dn 
(v) Combine (i), (ii), (iii), and (iv) to get 


0 = m ae EY rgd 





OR 
-Shp maf dnt so 


The theorem follows from y and our defini- 
tions of m, and w,. 


dR /d7, | Xz 


THEOREM 6b: = 
1 — Wy) Cy 


=] 
PROOF: 

Rearrange terms in Theorem 6a and use 
the fact that 


0 . 
PMO) aek KONE 

dqr 

on he cf dn = Cy 
THEOREM 6c: 
Jee 2, TM, f dn 
-———— = 1-(1- w) 
Ck 

PROOF: 


(i) Combine steps (i)-(iii) in the proof of 
Theorem 6a to obtain 


0 = Sy? (-nyg, + AD rym f)dn 
J 


(ii) By symmetry of the Slutsky matrix 
we have m, = Mij- 
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(iii) By definition 


No uY yes 
w= = Jy Sa 
My, = Ck 
a Na uy 

Wk = 7 N} X m,,dan 


(iv) Combine (i), (ii), and (iii) to get The- 
orem 6c. 


THEOREM 6d: 6, = 


N 


PROOF: 
(i) Rewrite Theorem 6c on the assump- 
tion that cross-price effects are nil; 


a TMS dn 
a ee WR 
Ck 
(ii) Define 
6, = 7, /p,, the expenditure tax on good k 


7 = ~ Sy stl Ade, a measure of 


1i 


average elasticity 4 compensated demand. 


(iii) Assume in the pretax situation p, = 
qx; use this fact and (i) and (ii) to obtain 
Theorem 6d. 
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Fixed Rules vs. Activism in the 
Conduct of Monetary Policy 


By ROGER CRAINE, ARTHUR HAVENNER, AND JAMES BERRY* 


The objective of this paper is to examine 
the issue of fixed rules vs. “activism” in the 
conduct of monetary policy. A variety of 
policies ranging from simple fixed growth 
rules to elaborate optimal control schemes 
have been urged on monetary policymakers 
for years, and there has been considerable 
debate by the proponents about the condi- 
tions for superiority of the proposed 
schemes. Arthur Okun (1972) criticizes those 
favoring fixed rules as depending on 1) 
inherently stable private demand, 2) costs 
to policy changes, and 3) relations between 
targets and controls which are known in 
the long run, but unknown in the short run. 
Milton Friedman seems to agree in prin- 
ciple. In the course of debate with Walter 
Heller, he stated, “if I thought I could pre- 
dict precisely, well then,..., I would be 
prepared to make fine adjustments to offset 
other forces making for change’ (pp. 
49-50). He justifies fixed rules by empha- 
sizing the lag in recognizing the need for 
policy change and uncertainty in predicting 
correctly what will result from the changes 
in the short run. 

The view that best characterizes the world 
must be determined empirically and there 
have been numerous attempts; however, 
there are many pitfalls in assessing alterna- 
tive policies. Evaluation of the policies 
necessarily requires some quantitative state- 
ment about the unknown true economic 
structure and some criterion to judge which 
policy is “best.” If the approximation to 
the economic structure is too sensitive to 
changes in the policy variables, then the 


*University of California-Berkeley, New York Uni- 
versity, and Federal Reserve Board, respectively. The 
views expressed herein are solely our own and do not 
necessarily represent the views of the Board of Gover- 
nors of the Federal Reserve. We would like to thank 
George Borts, an anonymous referee, and members of 
the Board’s staff for helpful comments. 
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evaluation will not be valid. Several early 
attempts (see, for example, Martin Bronfen- 
brenner and Franco Modigliani) used the 
time derivative of the equation of exchange 
(MV = PY) to evaluate the policies. This 
structure implies that the policy impact oc- 
curs within the period and changes in 
velocity and/or real output are independent 
of changes in the policy. Later work used 
econometric models (see, for example, Jan 
Kmenta and Paul Smith; J. Phillip Cooper 
and Stanley Fischer; George Perry, 1975a) 
which are much less restrictive since all the 
endogenous variables may be affected by 
the policy changes and there may be lagged 
effects. Still, for tests of historical periods 
it must be assumed that the error realiza- 
tions are independent of the policy settings. 
In addition to an economic structure, an 
information structure must be assumed. 
Activists’ policies should be based on all 
the information available to the decision 
maker ex ante, such as forecasts of the 
exogenous variables, judgmental informa- 
tion on current or future error realizations, 
and any other currently observable data, 
but not on information which is available 
only ex post, such as currently unobservable 
variables, or actual future values of the 
exogenous variables or error realizations. 
Finally, comparing actual policy to alter- 
native rules (as Kmenta and Smith and 
Perry did) uses the correct information, but 
there is of course no assurance that any 
tested policy was in fact optimal for the 
given model. Cooper and Fischer searched 
for an optimal policy, but ‘‘... because of 
the formidable computational difficulties of 
finding optimum controls in a large non- 
linear dynamic model like the FMP [FRB- 
MIT-Penn] model” (p. 750),! the selected 
policies were constrained to a particular 


IThe FMP model is now called the MIT-Penn- 
SSRC or MPS model. 
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(suboptimal) form of reaction function, 
and they did not take advantage of judg- 
mental forecast information. 

This paper is an attempt to remedy some 
of these deficiencies by examining the per- 
formance of a variety of policies (including 
a formally optimal policy based on only 
current information) in as realistic a setting 
as possible.” The policies are evaluated over 
the extremely volatile two-year period 
from 1973-HI-1975-II. The period includes 
the highest unemployment and inflation 
rates experienced since World War II and 
provides a stringent test for any policy. 
There were large unpredictable exogenous 
shocks—which should favor active policy— 
coupled with increasing uncertainty about 
the structure of the economy, which should 
favor ex ante rules. We chose the large (180 
equation) non-linear structural MPS 
econometric model?’ as a description of the 
economy, because it has been used in nu- 
merous policy and forecasting experiments 
in the past and has a well-developed mone- 
tary sector.‘ 

The problem is to select the money stock 
sequence, given only the information avail- 
able in the quarter the decision is made, 
that minimizes ex post a loss function that 
penalizes unemployment* rates (u) in ex- 
cess of 4.8 percent, inflation® rates (p) 
greater than 2.5 percent, changes in the 
Treasury Bill rate (Ar7®) of more than 150 
basis points, and deviations in M, from a 
5.1 percent growth path subject to being 
consistent with the MPS quarterly eco- 
nomic model. With A the horizon (in quar- 
ters), the loss function is: 


2Current computational restrictions still limit us to 
computing first-order certainty equivalence control 
policies. 

3See the Quarterly Econometric Model Data Direc- 
tory and the Quarterly Econometric Model Equations 
for details. 

4See Carl Christ; Cooper; Cooper and Charles Nel- 
son; Edward Gramlich; Thomas Muench et al.; Perry 
(1975a); James Pierce and Jared Enzler. 

5Unemployment rate of total labor force (includes 
armed forces). 

Price deflator for nonfarm business product, ex- 
cluding household, net of federal indirect business 
taxes. 
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h 
(1) L=} 2(u, > 4.8)? + lp, > 2.5) 
tel 


+ 5(| Ar| > 1.5)? 
+ .0001(M,, — 1.051 M) 


where u = unemployment 
p = inflation rate 
| Ar7®| = absolute value of the chang 
` jn the Treasury Bill rate 
M, = demand deposits and cur 


rency, where M,, refers tc 
1973-II. 


The target paths in the loss function fo 
inflation (2.5 percent) and unemploymen 
(4.8 percent) were chosen based on th 
Nixon Administration’s announced objec 
tives in 1973, Their goal was to reduce th 
inflation rate to the 2-3 percent range whil 
maintaining full employment.’ In the MP: 
model, the long-run “natural” rate of un 
employment is 4.8 percent with prices in 
creasing at the rate of increase of the mone: 
stock less 2.6 percent. Two monetary tar 
gets are also included. Although the Fed 
eral Reserve did not publicly announce it 
desired money growth path until Marcl 
1975, they were following an aggregate 
policy subject to smoothing short-term in 
terest rate fluctuations in 1973 (see the ex 
planation of actual policy below). 

The targeted 5.1 percent growth rate fo 
the money stock is within the range mad 
public in 1975, and is consistent with th 
inflation and unemployment target paths 
that is, the loss function is zero in non 
stochastic steady-state equilibrium. The dis 
continuous penalty on Ar™ penalizes larg 
quarterly changes (>1.5 percent) in th 
Treasury Bill rate since it is felt that larg: 
fluctuations in short-term rates increas 
uncertainty in financial markets. 

The loss function is evaluated by dy 
namically simulating the various policies o1 
the MPS model with the exogenous vari 
ables? and error realizations set at thei 


7For example, see the Economic Report of the Pres 
dent, p. 82. 

8Discretionary fiscal policy may be a function c 
monetary policy (as the referee pointed out) and there 
fore not truly exogenous (the automatic stabilizers ar 


aa 
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historical values. The simulated values of 
the endogenous variables are used to evalu- 
ate the loss. 
The remainder of the paper is organized 
follows. Section I presents the policies to 
tested, Section II gives the results and an 
alysis of the policy breakdowns, Section 
tests the sensitivity of the results to the 
s function weights and the desired paths, 
d Section IV is the conclusion. 


I. Policies 


Six policies are constrasted over the pe- 
d. Two of the policies, labled Friedman 
d Poole, do not make use of information 
it becomes available through the control 
rizon and are called fixed rules, being 
ren ex ante. Four other policies, labeled 
tual, Bronfenbrenner, Cooper—Fischer, 
d Feedback Optimal, make use of selec- 
e information (see the policy explana- 
ns below) as it becomes available. These 
licies are denoted ‘‘active” since they are 
ydified during the control period (ex 
rante), although the kind and quantity of 
ynomic information used by the policies 
1otably different. 


A. Friedman-Type Fixed Rule (ex ante) 


Friedman’s constant money growth argu- 
mts are by now well known to econo- 
sts. A fixed growth rate policy is inde- 
ndent of initial conditions, specific 
owledge of the structure of the economy, 
d anticipated exogenous events. We 
ose a fixed money growth rate of 5.1 per- 
it which is close to Friedman’s own rec- 
imendation for the period (see Friedman, 
3), and minimizes the loss function 
juation (1)) in a deterministic steady-state 
uilibrium. 


sady endogenous). For this time period, however, 
‘ernment spending the major countercyclical fiscal 
iable in the MPS model—does not appear to have 
n used as a countercyclical tool nor to have re- 
nded to monetary policy. Most forecasters over- 
mated government spending (see Okun, 1975) and 
eed actual government spending in 1973 and 1974 
short of targeted government expenditures. 
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B. Poole’s Cautious Reentry (ex ante} 


William Poole argued that “what is 
needed is a measure of the level of the 
money stock relative to the established 
trend” since 


Once the rate of inflation has ad- 
justed to a given rate of money growth, 
a change in the rate of money growth 
can be expected to produce an effect on 
aggregate activity. However, it surely 
must be the case that a five percentage 
point drop in the rate of money growth 
will produce a cycle peak sooner than a 
one percentage point drop in the rate 
of money growth, other things equal. 

[1973, p. 6] 


He proposed a two-stage rule in which 
money growth proceeds at 4 percent until 
the money stock reaches 98 percent of an 
established trend, at which time money 
is increased at 6 percent until “the pause in 
economic activity is clearly over’ (1973, 
p. 26).? The trend is defined by the highest 
(not average) monthly money growth rate 
over a twenty-four month period in the 
neighborhood of the cycle peak, running 
the trend through the average level of the 
money stock over the particular period that 
had the highest rate (Poole, 1973, p. 8). 
(The somewhat exaggerated hypothetical 
example of Figure 1 may aid in understand- 
ing Poole’s rule.) Over our period of 1973- 
IJ-1975-II, this implies 4 percent money 
growth until 1974-II when 6 percent be- 
comes the recommended policy.” 


C. Actual Monetary Policy (ex durante) 


According to the Federal Reserve Bul- 
letins of the period,'' open market opera- 
tions were determined by setting fixed 
growth rules (from last quarter’s base) for 


9As Poole has observed in private correspondence, 
his proposal is actually a hybrid rule/discretion recom- 
mendation. The words “clearly over” are obviously 
ambiguous (requiring discretion). This is not a prob- 
lem over our control horizon, but might be in other 
periods, 

10Based on seasonally adjusted monthly data. 

See the “Record of Policy Actions...” sections of 
the Bulletins. 
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highest money growth rate 


FIGURE 1, POOLE’s MONEY GROWTH RULE 


At time t, M, is to grow at 4 percent until it reaches (dashed.line) 98 percent of a trend line defined as the ma: 
mum twenty-four month growth rate in the neighborhood (labeled Maximum growth rate) shifted to pass throu 
the average.of the twenty-four months (labeled Trend), when ‘M‘, is to revert to 6 percent until “the pause in ec 


nomic activity is‘clearly over” (Poole, 1973, p. 26). 


monetary aggregates subject to a Federal 
funds rate constraint. If point estimates of 
the aggregates and funds rate were ‘speci- 
fied, this policy scheme would be consistent 
with’? the combination policy of Poole 
(1970). In practice, since policy is set daily 
and even hourly, the Federal Reserve uses 
tolerance ranges to filter out minor short- 
run variations. For example, the Fed has 
argued 


There is little reason to permit sharp 
short-run swings in interest rates (for 
example, 4 or 5 percentage points over 
a month or so) in an effort to smooth 
out temporary variations in money and 
credit. [1974, pp. 336-37]... 

The inherent short-run volatility of 
the monetary aggregates is one reason 
why the Committee expresses its short- 


l2Although not necessarily the same as the com- 
‘bination policy. The relevant question is whether the 
experience of the policymaker results in the optimal 
combination. 


run guides in terms of ranges of toler- 
ance.... This may reflect transitory 
factors that are influencing money but 
are expected to be self-correcting, as 
for instance, when a sharp drop in U.S. 
Government deposits results in tem- 
porary bulges in private demand bal- 
ances before the funds are invested in 
other assets by holders. [1974, p. 334] 


Thus, while the combination policy op 
mizes over truly random realizations of t 
structural equation ‘errors, inconsistenci 
in the prescribed ranges of the aggregates 
the federal funds rate are assumed to 

indicative of nontransitory external shocl 
requiring policy action. Once the fede: 
funds rate or an aggregate falls outside t 
tolerance range, the probability that 
represents a structural shift rather than 
simple outlier increases. Any informati 
the staff can supply on where the structu 
shift occurred is then critically importa 
since the appropriate policy response 
reversed depending on whether the ZS 


5 
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LM curve moved." Thus, actual monetary 
policy can be viewed as an optimal com- 
bination policy subject to modification de- 
pendent on judgmental information about 
possible structural changes. 


D. Bronfenbrenner’s Lag Rule (ex durante) 


In 1961, Bronfenbrenner (1961a,b) tested 
a proposition he called the lag rule, in 
which the money supply each quarter is in- 
creased by last quarter’s percentage in- 
crease in productivity per man-hour, per- 
centage increase in the labor force, and 
percentage decrease in velocity. Bronfen- 
brenner compared various rules to an 
“|, ‘ideal’ [policy]... estimated to hold the 
price level constant” (1961b, p. 622). 
Rather than specifying a model and welfare 
function, he tested for similarities of each of 
the policies to the ideal and found that, “As 
in the longer-term study also [on annual 
data], the lag rule does best by a wide mar- 
gin as regards algebraic fluctuations from 
the ideal pattern (avoidance of inflationary 
bias)” (1961b, p. 624). Since our loss func- 
tion targets the inflation rate at 2.5 percent 
rather than zero, we have adjusted the lag 
rule by adding 2.5 percent annual money 
growth. 


E. Ad Hoc Feedback (ex durante} 


Cooper and Fischer used stochastic 
simulations of the MPS model to derive 


3This argument follows directly from Poole (1970). 
Assuming for expositional simplicity that all targets 
are adequately approximated by the level of income Y, 
then Poole’s model is appropriate: 


Y=sa,-ayjr+u 
M =b, +b, Y —br+y 


where ¢ is an interest rate and M a monetary aggregate 
(all coefficients > 0). If a structural shift sets E(u) = 0 
(moves the /S curve), then the appropriate policy re- 
sponse is an offsetting movement in r. On the other 
hand, if E(v) 0, the preferred response is to allow 
M to change (since Y is unaffected). 

l4Differentiating the equation of exchange (MV = 
PY, where V is velocity and Y is real output) with re- 
spect to time gives M + V = P + Ý. If velocity and real 
output are invariant with respect to policy changes, 
then the “ideal” policy is M = —P. 
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and evaluate four alternative feedback rules 
determining the growth of M, from rates 
of unemployment and inflation and changes 
in these rates. The rule they found to be 
“clearly the best”! was 


Mi, = Ol — .5(p,_, — .0062) 
+ 5(u,., — .0466) 
~ 2 prs — Pr-2) + t-i — ha) 


where M, is the quarterly rate of growth of 
the money stock, p is the quarterly infla- 
tion rate, and u is the unemployment rate. 
A search procedure was used by Cooper 
and Fischer to determine the feedback co- 
efficients: 


... in particular, our “target” rates 
of inflation and unemployment, [.0062] 
and [.0466] respectively, were set at the 
mean rates of inflation and unemploy- 

_ ment obtained in a simulation of a con- 
stant growth rate rule (at the rate [.01}) 
to insure that our choice of targets was 
consistent with the “Phillips curve” 
embodied in the model and the search 
was conducted over different values of 
the [remaining parameters, excluding 
the intercept of .01]. [p. 751] 

One rule was preferred to another if 
it produced a lower standard deviation 
in either of the target variables without 
adversely affecting the other target. 

[p. 750] 


F. Feedback Optimal (ex durante} 


Since the publication of Cooper and Fi- 
scher’s work, improved computing facilities 
have made it possible to find the sequence 
of money stock changes that minimizes the 
loss function, a policy derived by optimiza- 
tion that is necessarily the best policy in 
the absence of uncertainty.'® For a realistic 
test, however, the policy must be based on 


15See equation (1.1), p. 757. (There are two typo- 
graphical errors in this equation as printed.) 

'6How much better, how sensitive to timing nuances, 
and the possibilities of reaching optimal aggressive 
policy by successive approximations from more timid 
policy have been examined in Craine, Havenner, and 
Peter Tinsley. 
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Eight quarter openloop with feedback policy; union of first 
elements of above policies 


FIGURE 2. OPENLOOP WITH FEEDBACK 


£ ı = matrix of forecase (at time t) exogenous variables for the next eight quarters 
é, = matrix of forecast (at time t) residuals for the next eight quarters 


(Yo): = matrix of initial conditions at time t 


only the information available in the quar- 
ter in which the policy is being determined. 
In each quarter, an optimal monetary 
policy can be calculated for the succeeding 
eight quarters based on the eight-quarter 
forecast of the exogenous variables and 
equation residuals made at that time. The 
MPS model has 136 exogenous variables, 
the majority of which are easily and ac- 
curately forecast two years into the future, 
for example, time trends, age groups of the 
population, tax rates, strike dummies, etc. 
A small subset of variables are much more 
difficult to forecast. These include exports, 
import prices, and discretionary federal 
government spending.” Given an eight- 
quarter optimal control solution based on 
the current forecasts, the model can be 
simulated for one quarter, using the first 
quarter of the optimal policy sequence and 
the historical exogenous variables and er- 
rors, to evaluate the endogenous variables. 
At the beginning of the next quarter, new 
information (error and exogenous variable 
realizations for the preceeding quarter and 
updated forecasts of the future) becomes 
available and a new eight-quarter solution 
can be calculated based on the new in- 
formation. Simulating this policy for a 
single quarter and then repeating the entire 
process for each of the remaining quarters 


17The automatic stabilizer portions of the govern- 
ment budget are endogenous—tax receipts and un- 
employment transfers depend on endogenously 
generated income and unemployment. 


in the horizon results in a procedure we call 
openloop (calculation of the multiperiod 
solution rather than a linearized feedback 
rule) with feedback (modification of the 
solution as new information becomes avail- 
able). Figure 2 shows the process schemati- 
cally. 


II. Results 


The results of stochastic! simulations 
based on each of the six policies are given in 
Table 1, as well as a perfect foresight solu- 
tion” to use as a benchmark. The second 
line of the table ranks the policies by mini- 
mum loss; somewhat to our surprise, it is 
clear that policies that used a minimal 
amount of information gave the best per- 
formance. 

Both Friedman’s fixed money growth rule 
and Poole’s cautious reentry incurred less 
loss than the Cooper~Fischer ad hoc feed- 
back rule and the computationally intensive 
feedback optimal policy (see line 1 of 
Table 1). Bronfenbrenner’s active policy 
was the worst, and actual policy was slightly 
better than the fixed rules. 

Normally feedback policies can be ex- 


18The historical residuals were added in as the struc- 
tural equation errors in each period as each policy was 
simulated. ` 

19The perfect foresight solution is based on the 
actual exogenous variables, using historical errors as 
estimates of the equation residuals; obviously, it is 
only possible ex post. 
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TABLE 1—TARGETS, INSTRUMENTS, AND LOSS FOR ALTERNATIVE POLICIES? 





Ex Ante Ex Durante Ex Post 
Fixed 5.1% Lag 
Money 4-6% Actual Rule Ad Hoc i 
Growth Reentry Monetary (Bronfen- Feedback Feedback Perfect 
(Friedman) (Poole) Policy brenner) (Cooper-Fisher) Optimal Foresight? 
Loss Function Values 619.9 617.0 613.1 2336.5 803.2 677.8 600.8 | 
Rank 3 Z. 1 6 5 4 
Instrument, M P ' 
1973-111 5.1 4 0.72 6.87 —0.67 3.49 0.47 
IV 5.1 4 7.88 0.70 0.25 2.72 1.60 
1974-1 5.1 4 7.10 —4.98 —2.67 5.87 8.19 
I 5.1 6 6.47 — 10.54 —0.89 1.72 11.74 
IH 5.1 6 1.36 ~ 12.61 4.59 8.33 6.01 
IV 5.1 6 3.04 ~ 14.42 14.53 15.89 8.28 
1975-1 5.1 6 4.77 —14.87 15.42 19.04 25.59 ! 
H 5.1 6 11.11 —8.35 28.43 4.49 31.82 i 
Targets | 
Inflation Rate® - 
1973-1 5.77 5.75 5.72 5.81 5.70 5.75 5.71 
IV 8.62 8.56 8.48 8.79 8.33 8.53 8.40 
1974-] 12.81 12.69 12.63 13.07 12.24 12.64 12.45 
H 13.89 13.72 ` 13.74 14.07 13.00 13.62 13.47 
U 12.31 12.13 12.21 12.15 11.33 12.01 12.00 
IV 12.71 12.61 12.66 12.26 12.02 12.54 12.67 
1975-1 11.52 11.50 11.46 10.91 ILH 11.60 11.79 
H : 3.75 3.80 3.65 2.66 3.50 4,29 4.74 | 
Treasury Bill Rate Change 
1973-111 0.296 0.623 1.72 —0.198 2.261 0.779 1.811 
7 IV 0.790 1.031 —0.82 2.584 2.025 1.452 1.498 
1974-1 0.678 0.793 0.12 4.880 2.923 —0.174 — 1.525 
I 0.875 0.162 0.53 10.542 1.499 2.253 — 1.577 
Wi — 1.876 — 2,364 0.04 10.924 — 4.631 -4.515 — 1.649 
IV — 1.162 — 1.386 —0.83 11.113 — 5.894 — 3.572 — 1.480 
1975-1 —1.123 — 0.966 -1.61 —6.305 — 1.856 —0.815 — 1.655 
Ir 1.156 1.083 —0.36 —4.077 —1.150 1.669 — 0.309 
Unemployment Rate ‘ 
1973-III 4.57 4.58 4.64 4.51 4.66 4.59 4.64 
IV 4.46 4.52 4.63 4.25 481 4.56 4.72 
1974-1 4,79 4.93 5.02 4.47 5.56 5,00 5.27 
II 4.80 5.02 5.02 4.57 6.11 5.15 5.38 
Il 5.20 5.44 5.38 5.37 6.91 5.63 5.72 
IV 6.27 6.50 - 6.44 7.04 8.13 6.66 6.62 
1975-1 ` 7.98 8.17 8.15 9.32 9.87 8.20 8.05 
Il 8.47 8.62 8.66 i 10.36 10.39 8.43 7.99 


aEvaluated given actual values of the exogenous variables, with historical residuals added. 
bM is the money stock growth rate at annual rates. The base, M (1973-IH), was $265.70 billion. 


Quarterly values at annual rates, nonfarm business product excluding households, net of federal indirect busi- 
ness taxes. 


dBased on the actual exogenous variables, using the historical errors as ex ante estimates of the equation re- 
siduals. 


pected to give better results than fixed rules given uncertainty about the structure of the 
since observed errors can be offset rather economy and future events there is no 
than having a lasting influence as they feed guarantee that performance will be im- 
through the system dynamics. However, proved, as the two feedback policies dem- 
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TABLE 2—COOPER-FISCHER Ad Hoc FEEDBACK 
Money GROWTH DECOMPOSITION 


Quarter M, Growth? Fixed Term 
1973-111 —.0016 .01 

IV .0006 .01 
1974-1 ~ .0067 .01 

I — .0022 01 

m .0113 01 

IV 0345 O01 
1975-I .0365 Ol 

I .0646 Ol 


Unemployment 
Price Terms Terms 
~ 0107 — 0009 
— 0068 — 0026 
—.0205 ~ .0038 
~ 0317 0195 
~ 0169 0182 
— 0027 . 0272 
— 0154 0417 
—.0063 -` .0608 


aQuarterly rates; Table 1 gives these same figures as quarterly values at annual 


rates. 


onstrate. The ad hoc feedback rule reacts as 
static analysis would indicate: initially 
moving to offset what later turned out to be 
relativély low inflation rates (5.81 and 8.79 
percent in the first two quarters), and re- 
acting very strongly to the 1974-I inflation 
rate of 12.24 percent (simulated, given the 


-Cooper-Fischer policy; actual was 12.63 


percent), the rule severely curtailed money 
growth until far too late. The price terms in 
the rule dominate through the first three 
quarters, and the unemployment terms do 
not gain control until the last three quar- 
ters (beginning 1974-IV), (see Table 2). By 
this time the high unemployment rates of 
8.13, 9.87, and 10.39 percent are inevitable. 

The ‘formally optimal policy (feedback 
optimal) did markedly better since it con- 
sidered the future impact of current policy 
and anticipated future exogenous events. 
The major failure of the feedback policy 
occurred because the policy was too re- 
strictive in the first year, due to much 
higher anticipated real sector growth than 
actually occurred when government spend- 


ing and exports fell short of their forecasts” - 


and imports far exceeded the forecast value. 
The most damaging error, however—al- 
though it seems counterintuitive at first— 
was excessively restrictive policy because of 
serious underestimates of future inflation.” 
It is now widely claimed (see Robert J. 


20See Okun (1975). 

.2lThe average one-period ahead inflation forecast 
error was 5 percent compared to the analogous un- 
employment rate error of 0.25 percent. 


Gordon or Okun 1975), that a major por- 
tion of the inflation was due to supply-side 
shocks and was largely exogenous. In the 
MPS model, these shocks entered as a 
once-and-for-all change in the price. level, 
but had little anticipated future inflationary 
effect. The optimal policy, given an exog- 
enous sectoral price shock, depends on 
whether the system has flexible or inflexible 


prices. If the policy is restrictive but prices . 


flexible, then the system will adjust (al- 


employment is assured. On the other hand, 
if prices are sticky then the price shock has 
a multiplier effect which reduces aggregate 
demand and employment if not offset by 
expansive policy (see Gordon for a detailed 
analysis). Prices are inflexible in the, short 
run in the MPS model; if the exogenous 
shock that increased the price level had 
been properly forecast, the first-year policy 


would have been more expansive in order to, 


maintain the level of real balances and 
aggregate demand. This is apparent from 
the perfect foresight solution where money 


` though aggregate demand may fall) and full ` 


growth averaged 5.5 percent for the first $ 


year and accelerated rapidly in the begin- 
ning of 1974 to accommodate the properly 


anticipated higher price level.? In contrast. . 


22The final quarters in the perfect foresight solution ` 


(only) are suspect since the policy was calculated for 
a fixed two-year horizon. As a result, there is no con- 


sideration of the 1975 policy:on the 1976 outcomes. 


The feedback optimal policy was calculated with a 
floating two-year horizon to minimize’ any endpoirit 
effects. 
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1e feedback optimal policy was not ex- 
ansive until the second half of 1974. 

The erroneous forecasts that sabotaged 
ctive control were not unique to the MPS 
1odel, which in fact fared as well or better 
1an most others. Business Week magazine 
olled twenty-five business economists, 
nd in addition reported seven model fore- 
asts in its December 22, 1973 issue, p. 49. 
he mean inflation forecast was 6.1 percent 
nd the highest forecast was 7.5 percent— 
a year in which the implicit GNP deflator 
veraged more than 12 percent. In retro- 
ect, it appears that four major” factors 
iteracted to produce the forecast errors. 


A. Exogenous Shocks 


Over the control horizon two unantici- 
ated large and interrelated shocks hit the 
rstem: the value of imports increased 
ramatically due to actions of the oil pro- 
ucers’ cartel, while Soviet crop failures, 
tidwestern U.S. floods, and a decrease in 
1e Peruvian anchovy catch caused a world- 
ide protein shortage. Hathaway con- 
udes that the anticipated spread of the 
reen Revolution (leading to withdrawal 
f land from production) combined with an 
bsession. with carrying costs and market 
epressing effects of large grain stocks, led 
kporting countries to deplete their stocks. 
hey could no longer buffer shocks like 
1ose caused by weather, especially in the 
ice of rising demand, as world population 
creased and spreading affluence led to 
ibstitution of animal proteins requiring 
veral times the caloric input as the direct 
onsumption of grain.’ The resulting infla- 
onary pressure was further aggravated by 
re effect of the oil price increases on 
gricultural commodities, as well as the 
iuch discussed direct and indirect effects 


23The 1973 devaluation of the dollar might also be 
pected to stimulate exports and cause inflation in a 
Lriod of supply constraints, but see Richard Berner 
‘al. where it is argued that ‘**... it is unlikely that re- 
ont (including the 1973 devaluation) changes in the ef- 
ictive exchange rate of the collar have been a major 
ause of domestic inflation” (p. 3). 

24See especially Dale Hathaway, and Pierce and 
nzler. 
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of the oil increases on the rest of the econ- 
omy. 


B. Price Expectations 


Another source of errors in inflation fore- 
casts lay in the formation of price expecta- 
tions. If other factors cause price increases 
to exceed some threshold that triggers an 
unusual awareness of inflation,” new models 
of expectation formation will be required; 
price equations based on long distributed 
lags into the past that are adequate for 
moderate secular price changes cannot be 
expected to model expectation formation at 
inflation rates four times the sample period 
rates. Judgmental forecasts of the residuals 
would normally incorporate part of this 
information, but at least one key indicator 
of inflationary expectations was misleading: 
short-term interest rates, usually the sum of 
a pure time preference component and an 
expectations component (since capital loss 
is not an important factor), remained below 
9 percent in 1974, while the inflation rate 
hovered around 12 percent. In retrospect, 
we speculate that these rates were probably 
depressed by the flight of stock market 
money to the bill market to avoid the 
tremendous uncertainty introduced by oil 
price increases, and the judgmentalists were 
left with an uninformative indicator of ex- 
pectations. 


C. Speculation 


Richard Cooper and Robert Lawrence 
argue that increased commodity demand, 
due to coincident economic expansions in 
Europe, Japan, and the United States, 
combined with producers’ reluctance to 
increase supply because of uncertainty 
about both environmental requirements 


.and the permanence of the demand shift 


created vast raw material shortages. Since 
input shortages cause expensive disruption 
of production processes while simulta- 
neously the existing inflation produced sig- 


25For example, Otto Eckstein and Roger Brinner 
utilize an “inflationary severity factor” that enters 
when the average of the past two years’ annual infla- 
tion rate exceeds 2.5 percent! 
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nificant inventory profits, it became eco- 
nomic to increase the size of raw material 
inventories, especially since any increased 
costs could be reclaimed in higher finished 
goods prices during the expansive period. 
As producers all tried to increase their in- 
ventories, they drove commodity prices still 
higher which ultimately raised both finished 
goods prices and inflationary expectations. 


D. Rebound from Price Controls 


Although the most rigid periods of price 
control preceded the period we examine, 
the effects of Phase III remain very much in 
evidence. The gap of weak control between 
January and April 1973 left the economy 
with a wholesale price increase of 21 per- 
cent in the second quarter of 1973 and pre- 
cipitated Phase III in May, which pushed 
wholesale price increases down to 8 percent 
in the last quarter of 1973 before the con- 
trols were gradually lifted, industry by 
industry. In the third quarter of 1974 after 
controls were terminated on April 30, 1974, 
the wholesale price index climbed by a peak 
rate of 31 percent as businessmen exercised 
their new freedom. No price equation can 
be expected to model the return from a 
unique period and none did. 

These factors combined to make eco- 
nomic forecasting over the period 1973-III- 
1975-II a hazardous undertaking, and none 
of the major forecasters did well.” The re- 
maining two “active” policies—actual 
policy and Bronfenbrenner’s lag rule, repre- 
senting opposite extremes of performance 
—did not directly use the structural in- 
formation in the MPS model, but did use 
some of the information which misled the 
forecasters. 

Bronfenbrenner’s lag rule is designed 
for secular rather than cyclical price varia- 
tions and it did poorly when evaluated with 
our loss function over the most violent cycle 
since the Great Depression. Both labor 
productivity and the labor force participa- 


26See especially Table 2 in J. H. Kalchbrenner and 
P. A. Tinsley, where forecasts by Fair, the Wharton 
group, and a consensus of forecasts surveyed in 
Business Forecasts (Federal Reserve Bank of Rich- 
mond) are compared, 
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tion rate vary procyclically, inducing Bron- 
fenbrenner’s rule to vary the money stock 
with the cycle. Okun has argued that the 
combined effect of this procyclical variatior 
leads to approximately a 3 percent change 
in output for a 1 percent change in the un- 
employment rate. The only countercyclic 
component of Bronfenbrenner’s. rule— 
velocity—atypically moved procyclically 
due to the rapid inflation. Thus Bronfen- 
brenner’s policy added to the real secto 
cycle. 

In contrast to the long-run nature of thé 
lag rule, actual policymakers, faced with 
tremendous uncertainty, seemed to have 
abandoned secular goals in favor of very 
short-run policy. After careful reading of 
the “Record of Policy Actions of the Fed- 
eral Open Market Committee” sections oj 
the Federal Reserve Bulletins, we char- 
acterize the intended policy of the period as 
a very slowly changing M, growth rate 
(usually a short-term rate of about 6 per- 
cent)” from whatever level of M, resulted 
from prior actions, subject to modification 
based on inconsistencies in the multiple tar- 
gets.” The critical quarters contributing tc 
the low loss (613) are the first four (1973- 
HI-1974-II), when the actual money stock 
exceeded that of other strategies by a sig- 
nificant amount. This (we conjecture) oc- 
curred for a number of reasons. First, in- 
consistencies between the FOMC’: 
objectives and constraints” led to a 1973- 


27Examining the April 1974-July 1975 Bulletin: 
which cover January 1974-May 1975 open market ac 
tions we find chat a 6 percent rate is included in all o 
the published ranges except the February 20, 197: 
Federal Open Market Committee (FOMC) range 
which had a lower bound of 6.5 percent. Purely sub 
jective interpretation of the surrounding words rein 
forced this characterization. 

28Although cynics often argue that federal fund: 
rate bands dominate even long-term (quarterly) policy 
there are several instances of these bands being shiftec 
due to the behavior of the aggregates. See, for e 
ample, the May 17, 1974 revision to the April 15-1 
1974 FOMC directive (Federal Reserve Bulletin, Ju 
1974, p. 500) or the January 9, 1975 revision to t 
December 16-17, 1974 directive (Federal Reserv 
Bulletin, January 1975, p. 88). 

See Federal Reserve Bulletin, January 1974 
“Record of Policy Actions. ..”” meeting of October 16, 
1974, p. 29. - 
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-JII M, growth far below the targeted rate. 
Second, a staff analysis suggested that the 
resulting high rates would dampen the de- 
mand for money in the quarter ahead, and 
this led to a 1973-IV policy that was more 
expansive (7.88 percent M, growth) ex post 
than was perhaps intended. Then, in the 
first quarter of 1974, in spite of M, and M, 
exceeding their prescribed ranges, ‘“... in 
view of the sensitive state of financial mar- 
kets and the general economic situation, the 
System [aimed] to maintain prevailing 
money market conditions for the time 
being.” 3 Subjectively, it appears that long- 
term policy—necessarily based on forecasts 
which turned out to be unreliable and 


which led the other ex durante policies. 


astray—was scrapped in favor of damped 
(to minimize financial market trauma) short- 
run reactions to the new initial conditions 
being faced. 

In truth, actual monetary policy had-a 
major advantage and a major disadvantage 
relative to the other policies considered 
here. The advantage was that it was not 
fixed for a quarter, but instead could be 
modified as new information became avail- 
able. (The number of telephone meetings 
logged between the approximately monthly 
FOMC meetings attests to the perceived im- 
portance of this information.) The dis- 
advantage was that M, was not directly 
under the FOMC’s control (so that the 
realized M, path was not the targeted path), 
unlixe the assumption underlying the simu- 
laticn of the other policies.’ Compared to 
other policies using interim information, 
however, the principal difference was that 
feedback reactions appeared to be designed 


30See Federal Reserve Bulletin, April 1974, p. 278. 

3!The importance of this disadvantage is clear from 
the events of June-July, 1974 when early reports in- 
dicated that growth in M, would be within its tolerance 
range and growth in 44 would be near its upper limit 
(see Federal Reserve Bulletin, September 1974, p. 
662-63), but the federal funds rate was well above its 
uppe: limit and would not respond as usual to un- 
borrowed reserves. After waiting a week in hope that 
the aberration was transitory, the open market manager 
was instructed to add whatever reserves necessary to 
bring the rate down to the targeted level (see Alan R. 
Homes). In spite of the high money growth in the 
initial weeks, M, finally showed a rate of increase of 
only 1.4 percent for that quarter. 
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to ease the position policymakers found 
themselves in rather than to initiate major 
future improvements—the often maligned 
short horizon was appropriate in a period 
of gross uncertainty. 


Ill. Sensitivity Analysis 


Table 1 presents a clear picture of cau- 
tious policies dominating aggressive con- 
trol; what conditions the results? 


A. The Loss Function 


The parameters of the criterion being 
minimized are necessarily of fundamental 
importance. In order to examine the sen- 
sitivity of the results to parameter changes, 
we calculated a number of differentials to 
determine the relative importance of varia- 
tions in parameter values.” The differ- 
entials were calculated by 1) changing the 
target inflation rate from 2.5 to 5 percent 
per year; 2) changing the weight on devia- 
tions of unemployment in excess of the 
natural rate from 2 to 4; and 3) dropping 
the penalty on changes in the Treasury Bill 
rate greater than 150 basis points while 
raising the penalty on deviations of the 
money stock from its desired 5.1 percent 
path from .0001 to .005..Solutions, were 
calculated based on forecast as well as 
actual values of exogenous variables and 
residuals to determine the differential with 
respect to uncertainty. Large differences 
between elements imply that the optimal 
policy is sensitive to these specification 
changes, 

As Table 3 shows, the effect of even very 
large changes in the parameters of the loss 
function is minor compared to the effects 
of uncertainty in the forecasts. For ex- 


32A typical differential would be 


aL aM 
sh =- —- — ôp* 


aM, op* 


where ôL is the loss differential resulting from the 
change in the optimal policy sequence M, that results 
from changing the (for example) targeted inflation rate 
p* by some amount 6p*, here 2.5 percent. Similar dif- 
ferentials are calculated with respect to the other cri- 
terion parameters. 
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TABLE 3— SENSITIVITY OF THE FEEDBACK OPTIMAL 
PoLICY TO Loss FUNCTION PARAMETER CHANGES? 


Forecast Exogenous 





Resulting Change in Original Loss 


Function Evaluation 


Actual Exogenous 





Variables and Variables and 
Policy Based On Residuals? Residuais 
Target Inflation Rate of -9.3 ` =79.6 
5 Percent Rather than 
2.5 Percent 
Unemployment Weight of -2.7 —64.7 
4 Rather than 2 ` 
Treasury Bill Rate Changes 2337.1 -31.1 
Free Rather than 
Penalized Beyond 1.5 
Percent Movement Per 
Quarter 
Original Loss Function 684.2 600.8 
Values ` 





aEvaluation (with actual exogenous variables and residuals) using the original loss 
function of strategies based on alternative loss function parameters. 

bComplete recalculation of the feedback optimal policy would involve eight multi- 
period control solutions for each parameter change; these loss differentials are ap- 
proximations based on one multiperiod solution for each parameter change, using as 
conditioning variables the exogenous variable and residual forecasts made in the im- 


mediately prior quarter. 


ample, basing the policy on a desired infla- 
tion rate of 5 percent rather than 2 percent 
results in a decrease in loss of 9.3,” com- 
pared to a decrease in loss of 79.6 when the 
target inflation rate is changed but uncer- 
tainty is eliminated by basing the policy on 
the actual (rather than forecast) exogenous 
variables and residuals. Doubling the 
weight on unemployment deviations has a 
similar but less pronounced effect. The sur- 
prising result is that even changes of 100 
percent in target paths and weights do not 
alter the conclusion that fixed rules domi- 
nate all active control except actual policy 
in this period. Further, the constraint on 
changes in the Treasury Bill rate, which 
damped active policy, served to prevent 
even more serious blunders; when this con- 
straint is removed the loss increases drama- 


33Change in the original loss function resulting from 
the modified policy; the loss is reduced because the 
higher target rate results in a marginally less restrictive 
policy, desirable in light of inevitably higher price 
levels resulting from exogenous factors (see above). 


tically, even after the loss associated with 
the now active Treasury Bill rate is sub- 
tracted, as the policy based on incorrect 
forecasts becomes even more aggressively 
restrictive. The gradualism imposed by the 
constraint of financial market orderliness 
prevented an even more decisive (and di- 
sastrous) policy. 


B. The Period 


The results are also conditioned by the 
period of the experiment: a period of sub- 
stantial exogenous shocks not accom- 
panied by structural change would favor 
activism..Gregory Chow has argued that 
active policies can be usefully employed in 
the presence of uncertain structure by ex- 
amining a risk matrix calculated by eval- 
uating the policy that is optimal in each 
model in other models. Given the matrix, a 
policy can be chosen by assigning prob- 
abilities that each model represents the 
world, or by a minimax criterion, or by any 
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‘of a variety of schemes. One difficulty is 
that the policymaker must be certain that 
the models examined bracket reality—a 
condition that certainly did not occur in 
the period 1973-II-1975-I1.* 


C. The Model 
The MPS model is but one of many 


representations of the economic world, 
and specific conclusions are conditional on 


its validity. Just as the particular choice of 


loss function parameters has only minor 
effects on the results, however, it may rea- 
sonably be argued that use of alternative 
models will not importantly alter the con- 
clusions—especially given the homogeneity 
of the forecasts of the period. 


IV. Conclusion 


This paper has examined the perfor- 
mance of six money stock control strategies 
in the context of the MPS model. Over the 
period 1973-IJJ-1975-II, rules that were 
fixed ex ante (using no misinformation) 
performed well relative to more active pol- 
icies that based discretionary action on an 
economic structure specified and estimated 
during more normal times, while actual 
monetary policy, characterized as cau- 
tiously using minimal feedback to improve 
conditions in the very short run, fared best 
of all. Given the money stock as the control 
variable, the results were found to be sur- 
prisingly insensitive to major changes in 
specification of the loss function, instead 
depending primarily on the highly in- 
accurate forecasts of the period. Large error 
realizations and extreme uncertainty make 
the choice of monetary instrument more 
critical; whether instrument choice is crucial 
in this case remains to be determined, but 
it is possible that an alternative instrument 
could have offset more of the exogenous 
price shocks while maintaining a favorable 
inflation-unemployment tradeoff.” 

The importance of feedback has long 

“See especially Kalchbrenner and Tinsley, p. 353. 


35This issue was raised by the managing editor com- 
menting on an early draft. 
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been established in engineering applications 
ranging from controlling an assembly line 
to automatically piloting aircraft, but in 
this case the economic trauma inherent in 
the period examined caused major struc- 
tural shifts roughly equivalent to a wing 
falling off. The principal failure was a per- 
sistent downward bias in forecast inflation, 
an error in which (as was pointed out) the 
Federal Reserve model group was not 
alone. Further, if the problem was one of 
structural misspecification with resulting 
bias, even introducing coefficient and equa- 


tion error variances and learning (via 


stochastic or adaptive control) into the 
instrument calculation cannot unambig- 
uously be expected to improve the feed- 
back activism results—although a return to 
more normal times (with econometric fore- 
casts as reliable as those preceding the pe- 
riod examined) would certainly give the ad- 
vantage to feedback strategies. There was 
no precedent to use in evaluating the econ- 
omy’s response to the initial conditions and 
large unusual shocks of early 1974 so that 
policies that ignored the expected responses 
performed better over this period. This 
should not be interpreted as an indictment 
of active policy, but rather as a common 
sense warning: when predictive tools sud- 
denly begin to miss badly, they have to be 
corrected (and the proper corrections were 
not apparent in early 1974) or the fore- 
casting structure must be heavily dis- 
counted in policy decisions. 
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Factor Abundance and Comparative Advantage 


By JON HARKNESS* 


Over the past twenty-five years, a great 
deal of effort has been devoted to expanding 
and testing the factor-proportions trade 
model and to identifying America’s rela- 
tively abundant factors of production. Such 
efforts, of course, stem from Wassily Leon- 
tief’s pioneering study which overturned the 
conventional wisdom by suggesting that 
either the Heckscher-Ohlin trade model is 
invalid or the United States is capital poor. 
However, only two firm conclusions emerge 
from the subsequent glut of research. First, 
conceptually, the multifactor-proportions 
trade model is capable of explaining only 
‘indirect factor trade and not commodity 
trade. Second, empirically, the United States 
appears to be a net exporter of human capi- 
tal. All other results are frustratingly in- 
conclusive.! Three fundamental questions 
remain unanswered: What, if any, is the 
theoretic relationship between relative fac- 
tor endowments and commodity trade? 
Which factors are relatively abundant in the 
United States? Does the factor-proportions 
model adequately explain U.S. trade in 
commodities or (indirectly) in factors? 

The inconclusiveness of the empirical 
studies to date results from the fact that 
these three questions may not be indepen- 
dent. For example, attempts to test the 
factor-proportions model, both for the 
United States and other nations, have 
generally been based on unwarranted a 
priori assumptions regarding relative factor 
abundances. On the other hand, attempts 
to measure relative factor abundances have 


* Associate professor, McMaster University. I would 
like to thank, without implicating, Robert, Baldwin, 
Peter Kenen, John Kennan, Les Robb, Jim Williams, 
and the managing editor for many helpful comments. 

!There are so many good reviews of this literature 
that another is not necessary here. For examples, see 
Robert Baldwin, Gary C. Hufbauer, or Robert M. 
Stern. 


784 


been based on the equally unwarranted a 
priori assumption that the factor-propor- 
tions model is valid. Further, both types of 
study often assume that the factor-propor- 
tions model holds particular implications 
for the patierns of commodity and/or fac- 
tor trade which it does not. 

This paper attempts to answer all three 
questions. Section I develops the factor- 
proportions model for a many-goods, many- 
factors world in which factor prices are not 
necessarily equalized. It examines the theo- 
retic relationship between both net com- 
modity trade and net factor-service trade, 
on the one hand, and relative factor abun- 
dances, on the other. First, it shows, by re- 
stating the contributions of Jaroslav Vanek 
and Trent Bertrand, that a nation’s relative 
factor abundances can be determined from 
its net flows of factor services through trade. 
This is conveniently referred to as the 
Vanek-Bertrand (V-B) Theorem and 1 
show precisely how it will be used to esti- 
mate America’s relative factor-abundance 
ranking. Second, by use of a linear regres- 
sion equation, it shows how net commodity 
exports can be predicted from knowledge of 
the intensity of use of factors in producing 
such commodities. It is argued that a rank- 
ing of the coefficients on each factor intensity 
in the regression equation will duplicate a 
ranking of the corresponding relative factor 
abundances. This latter result is called the 
Heckscher-Ohlin (H-O) Theorem. Section 
II uses the above results to estimate 
America’s relative abundances of a wide 
variety of factors and to test the H-O 
Theorem. Conclusions are found in Section 
Ill. 

For concreteness, the model is developed 
in the particular context of U.S. trade while 
its somewhat restrictive assumptions are de- 
signed to conform to the data available for 
empirical application of the model. 
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I. The Factor-Proportions Model 
A. Assumptions and Variables 


To begin our development of the factor- 
proportions model, consider a two-nation 
world with N produced commodities and M 
primary factors, where N > M. Factors are 
internationally immobile and homogeneous 
between the two nations, Let nation 1 be 
the United States and nation 2 be the rest of 
the world (ROW). 


Assumption 1: Existence of a general com- 
petitive equilibrium of the sort described by 
Paul Samuelson. 


Assumption 2: Constant returns to scale in 
the production of all commodities in both na- 
tions. 


Assumption 3: Identical and homothetic pref- 
erences in the two nations. 


Assumption 4: Identical relative value shares 
to any given factor in the production of any 
given commodity in both nations. 


These last two assumptions are in general 
unnecessary to the theory. But without them 
the available data will not permit empirical 
implementation of the model. A more 
general model is developed elsewhere. As- 
sumption 3 implies that the average pro- 
pensity to consume any given commodity is 
identical in the two nations. Assumption 4 
will hold under a variety of conditions. Two 
of these are: (i) identical Cobb-Douglas 
technology in the two nations or (ii) identi- 
cal technology and complete factor-price 
equalization in the two nations.’ Finally, 
note that the usual additional assumptions 
necessary to generate complete factor-price 


2$ee the author where it is shown that none of the 
theoretic results is necessarily affected when Assump- 
tions 3 and 4 fail to hold. 

3]t will be apparent later that for our purposes it 
will be sufficient that these factor shares be highly cor- 
related between the two nations. 
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equalization ‘are not adopted. There may 
exist impediments to trade such as trans- 
portation costs or tariffs. Moreover, As- 
sumption 4 does not preclude the possibility 
that technology is nonidentical in the two 
nations. 

Define the following variables, where the 
superscript refers to nationi: 


gi, = value of the total supply of the mth 
factor’s services 

Y° = gross national product 

yi, = value of output of the nth commodity 

x! = Y} — Mi = value of net exports of the 
nth commodity, where X‘ and Mare, 
respectively, values of gross exports 
and imports of the nth commodity 


Each of these value flows is measured in 
nation i’s prices, except gross imports which 
are valued in the producing nation’s prices. 
Gross import values therefore exclude 
transportation costs or tariffs. Throughout 
we are concerned only with the values of 
these (or any other) variables obtaining in 
the general equilibrium. Finally, we have 
the following two variables each of which, 
by Assumptions 3 and 4, have common 
values in the two nations: 


d, = the average propensity to consume 
the nth commodity, so that d,Y' is 
nation i’s total value of consumption 
of commodity n 

Smn = the relative value share of factor m in 
producing good n 


Without loss of generality, it is assumed all 
production is completely vertically inte- 
grated so there exist no intermediate in- 
puts.* Henceforth, cali f,,, a “factor in- 
tensity” since it gives the total value of the 
mth factor’s services used in producing a 
“dollar’s worth” of the nth commodity. 


4To the extent that there do exist intermediate in- 
puts, fmn is a total (i.c., direct plus indirect) factor 
share. See James R. Williams for a model which ex- 
plicitly considers the case of intermediate inputs. 
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B. Measuring Relative Factor Abundances 
by the V-B Theorem 


I now briefly show how the United States’ 
relative factor-abundance ranking can be 
estimated from its net flows of factor ser- 
vices through trade. First, I define what is 
meant by “relative factor abundances.” 
Following Vanek, order relative factor en- 
dowments according to 


(1) ln = g/g (m = i ewes 


where r,, > r; indicates the United States 
has an abundance of the services of factor m 
relative to that for factor j, vis-à-vis ROW. 
An equivalent ordering will be one based on 


(2) r% = tm — Y'/Y? (m = 1,...,M) 


since r% > r? whenever rm > rj. Moreover, 
when r?, > 0, the mth factor is said to be 
“relatively abundant” and vice versa. Hence- 
forth, z9% will be called a “relative factor 
endowment.” 

Second, for nation i, define D‘, and Ti, as 
the total value of the mth factor’s services 
embodied in, respectively, total commodity 
consumption and net exports. Then, since 
Finn gives the mth factor-service content of a 
dollar’s worth of output, consumption, or 
net exports of commodity n, regardless of 
where it is produced: 


N >. 
2 Somn (dn Y’) 


M) 


(3) Din 


i 


(4) 


ipe: 
3“ 
ii 


N 
2 Jmn Xh 
(i = 1,2); (m = 1,..., M) 


Now, the assumption of a general equi- 
librium in which all factor markets clear 
implies two relationships. First, the value of 
the United States’ consumption plus net ex- 
ports of any factor’s services must equal the 
total value of her supply of such services. 


(5) gn = Dnt Tn (m = 1,...,M) 
Second, the U.S. plus ROW consumptions 
of any factor’s services must sum to the 


total world supply of such services, gl}, + 
g?,. Then, 
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D} + DŁ 
(m = 1,...,M) 


It can now be seen that the United States 
will consume a fixed proportion of the total 
world supply of every factor’s services. 
From expression (3), we find that D? = 
Y°’ DL, /Y', since factor shares and average 
propensities to consume are identical in the 
two nations. Substitute this into expression 
(6) and rearrange terms: 


(7) Da = [Y'/Y' + Y?)]- (Eh + gh) 
(m = 1,..., M) 
The V-B Theorem can now be directly 


derived. Substitute expression (7) into equa- 
tion (5) and rearrange terms: 


(8) Th/8m 


(6) gat 84 = 


l-a- agne 
l-a- afim, 
(l = arin! Tm 

(m = 1,... 


,M) 


where r% is given by expression (2) and 0 < 

= Y!/(Y! + Y?) < 1. For simplicity, de- 
fine the left-hand side of this expression as 
T?,, the “proportionate net export of factor 
m’s services” and write the right-hand side 
as g?,. Then, 


(9) Th = 8m (m = 1,...,M) 


It can be seen that g% is a monotonic trans- 
formation of r?, (or r,,): the sign and rank 
order of any g?, will duplicate those of 7%. 
Thus expression (9) produces the V-B 
Theorem: T?, 2 T? if and only if r,, 2 r 
while Th 2 0 if and only if r?, 2 0. In the 
general equilibrium, an ordering of the 
United States’ proportionate net exports of 
factor services will duplicate an ordering of 
the corresponding relative factor endow- 
ments while her relatively (dis)abundant 
factors will be exported (imported).° 


5Since factor prices are not necessarily equalized be- 
tween the two nations, relative factor endowments are 
endogenous. Thus, the V-B Theorem merely char- 
acterizes the general equilibrium. Trade might result 
solely from technological differences with identical 
physical factor endowments in the two nations or from 
differing endowments and identical technology or from 
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In other words, the sign and rank order 
of any relative factor endowment, r2, will 
duplicate those of the corresponding net ex- 
port of factor services, 7?,. Thus, America’s 
relative factor-abundance ranking can be 
determined by computing the values of the 
T°’s. Given expression (4), these can be 
computed according to 


N 
(10) Tah = Tiseh = Z Sinn * Xn/ Br 
(Cod ee 


Allthe data necessary to such a computa- 
tion exist. 


C. Commodity Trade and the H-O Theorem 


We now investigate the relationship be- 
tween commodity trade and relative factor 
abundances. The usual way of stating the 
H-O Theorem involves relative factor 
abundances on the cne hand and relative 
factor intensities of production on the 
other. For example, in a two-good, two- 
factor world a nation will export (import) 
the good whose production is the more 
(less) intensive in the use of the relatively 
abundant factor. The difficulty encountered 
in attempting to extend this result to the case 
of many factors is well known. With more 
than two factors, it is not possible to pro- 
vide a unique ranking of technologies based 
on relative factor intensities and, therefore, 
the commodity composition of trade can no 
longer be determined by reference to factor 
intensities alone. 

Nonetheless, I propose to extend the 
factor-proportions model to a many- 
factors, many-goods world by using or- 
dinary least squares (OLS) methods to 
estimate the following linear relationship 
between U.S. “proportionate net com- 


differing endowments ané technology. In any case, 
equation (9) will hold in the general equilibrium. Thus, 
the V-B Theorem does not depend upon the validity of 
any particular trade model. Also note that it is com- 
mon in the trade literature to attempt to infer relative 
factor endowments from T}, not from T2, which is, 
a priori, not possible. i 
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modity exports,” x}/yłl, and all factor in- 
tensities: 

(11) x} /y} = Bi-Sin towne + Buc tun + e, 
(n= 1,...,N) 


where e, is an unspecified error. Thus, given 
random or “small” errors, I hypothesize 
that proportionate net commodity exports 
can be predicted from knowledge of factor 
intensities alone. Moreover, I assert that the 
sign and rank order of any OLS-estimated 
regression coefficient 8,, will duplicate 
those of the corresponding relative factor 
endowment r2; ie., 6, 2 ĝ whenever 
r% Z rf. This may be called the H-O 
Theorem: the “effect” of factor intensities 
on proportionate net commodity exports 
rises monotonically, across factors, with 
relative factor abundance, while this effect 
is positive (negative) for relatively abundant 
(scarce) factors. 

I now provide a somewhat rigorous, 
though intuitive, justification of this model 
and the assertions regarding the H-O Theo- 
rem. A detailed treatment is found in my- 
cited working paper. There are three critical 
features to the model. First, equation (11) 
has a zero intercept. This results from the 
assumption of constant returns to scale 
whereby the right-hand variables, factor 
intensities, sum to unity for each commod- 
ity. It is well known that OLS estimation of 
such an equation will require that the in- 
tercept be suppressed. Second, the model 
does not predict net commodity exports 
per se. Commodity trade balances have 
been scaled to control for the effects of 
differing output values. Third, equation (11) 
contains all factor intensities and is to be 
estimated using multiple regression methods 
to control for what the trade literature calls 
“factor complementarities.” The explana- 
tion and justification of these latter two 
features will require some additional alge- 
bra. 

By definition, the total use of factor m’s 
services in the U.S. production of the nth 
commodity will be f „yi. Moreover, since 
all factor markets clear, the use of any given 
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factor in the U.S. production of all com- 
modities must sum to its total U.S. supply. 
Thus, 


(12): gy M) 


N 
= 2 Somn Va 

n=] 
Further, since all production is subject to 
constant returns to scale and there exists 
perfect competition, factor shares sum to 
unity in the production of every commod- 
ity: that is, 


M 

È Sin = | 

jel 
for all n. Then, multiplying y} by a “‘well- 
chosen one,” expression (12) becomes 


r N M 
(13) Bm = È San VX So) 


(m = 1,...,M) 
Recalling that T? = T} /gl, equation (9) 
which produced the V-B Theorem indicates 
that T} = g?-g!. Substitute (13) into this 
expression: 


(14) Th = gee Son Yee CE Su) 
n= j= 


(m = 1,...,M) 


Finally, setting į = 1, expression (4) gives 
an alternate definition of T}: 


> Somn’ X : 


These iwo iltea expressions for T}, 
can be used to investigate the properties of 
the OLS estimate of equation (11). First, 
since all product markets clear, U.S. com- 
modity trade will be balanced and, there- 
fore, 


(5) Ti ..,M) 


N 
Xn = 0 


This implies, by expression (15), that TL /N 
is the simple covariance across commodities 
between x! and fun. Since all output values 
and factor intensities are nonnegative, it 
will be apparent from (14) that the sign of 
this covariance is identical to that for g3, 
and therefore to that for r¢,. Hence, there is 
a positive (negative) correlation between net 
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commodity exports and the intensity of use 
of (dis)abundant factors. This is a weak ver- 
sion of the H-O Theorem. However, this 
covariance (or correlation) will not neces- 
sarily be larger the larger is its correspond- 
ing relative factor endowment 7?,. Its rela- 
tive size depends among other things on the 
levels of the output values y}, as seen from 
expression (14). Intuitively, the world de- 
mand and, therefore, the domestic output 
of goods using the most abundant factor(s) 
the most intensively may be relatively small. 
Such goods will, on average, be exported 
but their exports will not necessarily be the 
largest. It might be expected, however, that 
such goods will export the largest propor- 
tion of their output. 

We can control for this effect by holding 
all output-values constant at the level, say, 
unity. Setting y! equal to unity for all n, and 
dividing by N, equation (14) yields an ex- 
pression for T*, the (partial) covariance 
between x! and fan, holding all output 
values constant at unity. 


M 
(16) Tr = Em Le Om 


j= 


where 
ON) om = È San Sal N Cf = sees AE) 


Essentially, all outputs have been scaled 
down to the unit-value isoquant. By the 
assumption of constant returns to scale 
(i.e., linearly homogeneous production 
functions), this will leave all factor inten- 
sities unaffected. Thus, in the definition of 
Tm given by expression (15), only the x!’s 
are affected by such a scaling. Given the 
above discussion, we will assume as a first 
approximation that the proportion of any 
output value entering net trade is unaffected 
by this scaling. This implies that net exports 
of the nth commodity will be x!/y) when all 
output values are scaled to unity.® Thus, 


‘For our purposes, it would be sufficient if, when 
yl is held constant, the value of the nth commodity’ s 
net exports were monotone in x} / yh, Moreover by im- 
plication all foreign output values have been similarly 
scaled. 
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- from (15), an alternate expression for T* 
will be 


(18) TH =D fam C/YDIN 


Now, suppose each parameter of equa- 
tion (11) were estimated using simple least 
squares techniques. By well-known for- 
mulae for simple regression equations 
forced through the origin and by definitions 
(18) and (17), the simple regression coeffi- 
cient on the mth factor intensity will be: 
Bm = T*/Gmm. Substitute (16) into this ex- 
pression and rearrange terms. 


ve E M 
(19) Ên = 8% + sa (È O mj Smm) 


(m = 1,...,M) 


The coefficient @,, is a descriptive statistic 
summarizing the effect of the mth factor 
intensity on proportionate net commodity 
exports. If it were the case that Ên 2 Ê, 
whenever g?, 3 g? (ie. r% 2 r?), the H- O 
Theorem -as stated above would hold on 
these parameter estimates. But, this cannot 
be the case a priori, since the relative sizes 
of these coefficients depend not only on the 
relative sizes of the g@,'s but also on all the 
cross-product terms g. This is the problem 
of factor complementarities, noted above. 
Such complementarities arise, for example, 
when there is positive association across 
goods between the intensity of use of, say, 
the most and the least abundant factor. 
Thus, on average, gocds which intensively 
use an abundant factor also intensively use 
a scarce factor and there will be two op- 
posing effects on the level of proportionate 
net commodity exports. In short, with more 
than two factors, commodities can not be 
uniquely ranked according to their relative 
factor intensities. It can be seen that such 
complementarities would be absent if, for 
example, the terms 


Mu 
2 O mj |€ mm 


jem 


were identical for all m. Then ĝ„ would be 
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monotone in g?, and the H-O Theorem 
would hold. 

All this suggests that, from the point of 
view of testing the H-O Theorem, a method 
must be used in estimating equation (11) 
which controls for factor complementar- 
ities; that is, for systematic association, 
across goods, among factor intensities. 
Such a method is, of course, multiple regres- 
sion analysis which would attempt to re- 
move the effects of collinearity among the 
right-hand variables of equation (11) on the 
estimate of 8,,. Given that factor comple- 
mentarities can be controlled through mul- 
tiple regression analysis, the H-O Theorem 
predicts that the sign and rank order of any 
multiple regression coefficient 6,, will du- 
plicate those of the corresponding relative 
factor endowment r?,.’ 

Finally, since the extent of factor com- 
plementarities is unknown a priori, a valid 
test of the H-O Theorem will require that 
all factor intensities be included in the 
multiple regression equation. However, we 
have seen that the existence of factor com- 
plementarities (or, for that matter, differing 
levels of domestic output values) have ab- 
solutely no bearing on the V-B Theorem. 
Thus, were data available only on a subset 
of the M factor intensities, the V-B Theo- 
rem can still be used to provide a valid par- 
tial ordering of this subset of relative factor 
endowments. But a valid partial ordering 
on the regression coefficients can not be ob- 
tained, a priori. 


II. Empirical Implementation of the Model 


The empirical work is now straightfor- 
ward. First, compute the proportionate net 
export of factor services T?,, for every fac- 
tor. By the V-B Theorem, the signs and 
ranks of these will duplicate those of the 
corresponding relative factor endowments 


TIn essence, multiple regression overcomes the prob- 
lem of providing a unique ranking of technologies 
based on factor intensities when there are more than 
two factors. By holding all other factor intensities 
constant, it ranks goods according to the intensity of 
use of the mth factor relative to a constant composite 
of all other factor intensities. 
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r?,. Hence, these will produce an estimate of 
the United States’ relative factor-abun- 
dance ranking. Second, using OLS, esti- 
mate equation (11) which, recall, alleges 
that proportionate net commodity exports 
can be “predicted” solely from knowledge 
of factor intensities, provided the error term 
is random or “small.” This qualification on 
the errors means that the possible effects of 
omitted variables, if any, are commodity 
specific and, consequently, such variables 
do not vary systematically across goods 
with proportionate net exports. The R? 
value of the overall regression will measure 
the “goodness of fit” of this factor-propor- 
tions model to the-U.S. data. Finally, the 
H-O Theorem is tested by comparing the 
signs and rank orders of the individual 
regression coefficients with those of the cor- 
responding relative factor endowments, as 
inferred from the corresponding propor- 


tionate net export of factor services. Ac-’ 


cording to our theorems, the sign and rank 
order of any regression coefficient 6,, should 
duplicate those of the corresponding pro- 
portionate net export of factor services T°,. 


A. Significance Tests 


While the above model is purely descrip- 
tive, it is clear that the real world is not in 
fact deterministic. Randomness is intro- 
duced into the model by imposing the 
classical least squares assumptions on the 
error of equation (11). Let the error vector 
e = (e,,...,@y) be distributed multivariate 
normal with mean-vector zero and variance 
a?» I, where I is the N x N identity matrix. 
The usual significance tests can now be per- 
formed on the OLS estimate of equation 
(11). 

Moreover, this will now permit signifi- 
cance tests on the relative factor endow- 
ments, as inferred from T2. Since x}/y} 
has a random component, in accord with 
the error in equation (11), T2, as defined by 
(10) is likewise random. Thus, the observa- 
‘tion that T}, = Tọ and, therefore, the in- 
ference that r% + r? may be due solely to 
chance. Given the distribution of the T?’s, 
tests for significant differences among the 
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inferred relative factor endowments can be 
constructed. 

Let ĉi = x} — é,-y} be the value of x; 
predicted from OLS estimation of equation 
(11), where ê, is the calculated regression 
error. Then by expression (10), 


N 
(20) Ti, = 2 Snn + ên Ya)/Em 


(m = 1,..., M) 
Define T° = (T?,...,74,). Given the as- 
sumed distribution of e and assuming g}, is 
fixed in repeated trials,® it is readily con- 
firmed that T° is distributed multivariate 
normal with mean vector ET’ = (ET?,.., 
ET°,) and variance o?VV', where V is the 
Mx N matrix with typical element 


Sin Yi /gh and 


N 

(21) ETa = 2 Sanånl8mn (mM = 1..... M) 

Significance tests on the relative factor 
endowments as inferred from ET?, can now 
be constructed in accord with methods de- 
scribed by Donald Morrison. Henceforth, 
refer to T°, as the “observed” and to ET? 
as the “estimated” proportionate net export 
of the mth factor’s services. Note that to 
infer relative factor abundances from ET®, 
rather than from 7%, is conditional on the 
validity of the factor-proportions model, 
for it requires that the errors of equation 
(11) be randomly and independently dis- 
tributed with zero mean. This, recall, is 
identical to assuming that only factor in- 
tensities have a systematic effect on pro- 
portionate net commodity exports. 


B. Empirical Results for the United States 


The study was conducted for the year 
1958 on all U.S. commodities aggregated 
according to the industry classification of 
the 1958 U.S. Input-Output (/-O) Table. 
This choice of sample year is dictated by 


8These assumptions also imply that yl and fmn ar 
nonrandom. Since e„ is normally distributed, so i: 
Xn /Yn. This can be true only if y, is nonrandom whick 
implies by relation (12) that f,, is nonrandom. 
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TABLE 1—OBSERVED RELATIVE FACTOR ABUNDANCES 
FOR THE UNITED STATES, 1958, AND TESTS OF THE H-O THEOREM 
l 2a 3* 4? ‘ 
Factor Th PB) Bn) eBn) 
1. Coal 340 5 5 2 
2. Chemical] and Fertilizer 
Minerals 185 6 7 7 
3. Scientists and Engineers 079 2 l 1 
4. Cropland .068 9 8 4 
5. Inventoriés .067 - li - 
6. Skilled Craftsmen 051 3 4 5 
7. Total Capital .049 - - il 
8. Physical Capital 036 I 2 - 
9. Operatives 013 8 9 10 
10. Clerks and Salesmen 609 4 3 3 
11, Farmers and Farm Labor. .008 ~- - - 
12. Nontechnical Professionals 
and Managers 006 14 16 15 
13. Unskilled Labor 003 12 12 12 
14. Petroleum and Natural Gas 000 11 13 6 
15. Pastureland — .002 10 10 9 
16. Stone and Clay —.273 13 14 13 
17. Forests —.360 - 7 6 8 
18. Iron and Ferro-Alloy Ores — 508 16 17 16 
19. Nonferrcus Metal Ores —.571 15 iS 14 
Spearman: SR? 72 65¢ .70¢ 
(2.8) (2.6) (2.7) 
Kendall; KR? .50° AGE 52 ¢ 
(2.7) (2.6) (2.8) 


ap(6',) gives the rank, in descending order, of the corresponding parameter esti- 
mates of regression equation i, as recorded in Table 2; i = 1, 2, 3. 

bThe corresponding z-statistic for Spearman’s (SR) and Kendall’s (KR) rank cor- 
relation coefficients are recorded in parentheses. 

Significant at the 99 percent confidence level. 


the availability of all necessary data. Data 
sources are in the Appendix. 

The eighteen mutually exclusive and (al- 
most) exhaustive factors considered are 
listed in the first column of Table 1. The 
various natural resources are primary in- 
puts, defined as subsoil productive assets.’ 
Physical capital is defined as physical plant 
and equipment. Initially, it is assumed that 
“inventories” are not a factor, since they 
are unlikely directly to enter a neoclassical 
production function. Later, they are a fac- 
tor and are imperfectly substitutable for 
physical capital, or perfectly substitutable, 
for which we have the variable “total capi- 
tal” being the sum of physical capital plus 


These are pristine resources, not resource products. 
See the Appendix for the definition of resource inputs. 


inventories. Factor intensities are measured 
by the total (i.e., direct plus indirect) factor 
rewards per dollar delivery to final demand, 
computed in the usual fashion using the 
Leontief inverse of the J-O Table. These 
would be relative factor shares were each 
industry completely vertically integrated. In 
accord with the theory, all magnitudes en- 
tering trade are valued in the prices prevail- 
ing in the country of origin. 

The observed proportionate net exports 
of factor services T?,, as defined by equa- 
tion (10), are recorded in rank order in 
column 1 of Table 1. According to the V-B - 
Theorem, the signs and ranks of these will 
duplicate those of the relative factor endow- 


‘ments r?,. We have then the (almost) com- 


plete relative factor-abundance ranking for 
the United States in 1958. Factors for which 


emer 





792 


THE AMERICAN ECONOMIC REVIEW 


DECEMBER 1978 


TABLE 2—REGRESSION EQUATIONS RELATING U.S. PROPORTIONATE 
Net Exports BY INDUSTRY TO FACTOR INTENSITIES, 19584 


Equation 2 





Factor Intensity Equation 1 Equation 3 
Physical Capital 10.208° 10.248° - 
(2.82) (2.93) 
Inventories - —1.313° - 
(2.27) 
Total Capital - - —1.172 
(1.20) 
Pastureland — 4.505 — 1.261 —.055 
(1.47) (0.58) (0.03) 
Cropland —0.901 0.978 4.699 
(0.57) (0.03) (1.60) 
Forests 1.095 1.998 0.428 
i (0.47) (1.61) (0.46) 
Iron and Ferro-Alloy Ores — 105.921° — 105.100° —96.670° 
` (22.36) (23.19) (23.12) 
Nonferrous Metal Ores —7.315° —7.090° —5.514° 
f (7.42) (7.77) (6.51) 
Coal 2.294 2.781 7.158 
(0.39) (0.51) (0.92) 
Petroleum and Natural Gas —4,586° —4,508° 1.289 
(2.43) (2,33) (0.92) 
Stone and Clay —4.982°¢ —4.815° —4.794¢ 
(8.83) (9.23) (7.66) 
Fertilizer and Chemical 1.513 1.802? 1.041Þ 
Minerals (1.47) (1.82) (1.67) 
Scientists and Engineers 8.087° 16.245¢ 8.6425 
(2.05) (3.13) (1.71) 
Non-Technical Profes- — 6.048 —13.008° ~—8.295 
sionals and Managers (1.60) (2.73) (1.54) 
Clerical and Sales 3.860 8.8425 6.803 
Workers (0.86) (1.98) (1.47) 
Skilled Craftsmen 4.672°¢ 5.902° 3.932° 
(2.66) (3.37) (2.35) 
Operatives 0.465 0.598 —0.767 
(0.42) (0.47) (1.32) 
Unskilled Labor and —3.889¢ —2.553 —3.071 
Service Workers (2.09) (1.33) j (1.08) 
- Constant —0.731? —0.883° — 0.084 
(1.99) (2.47) (0.27) 
R2 0.948°¢ 0.946° 0.940° 
F 69.711 66.813 55.384 


aThe dependent variable “proportionate net commodity exports” for any given in- 
dustry is measured by x,,/y,, net exports as a proportion of output. 

bIndicates significance at the 95 percent confidence levels for the t-values (shown 
in parentheses) of the regression coefficients and the F-ratio on the R2 value. 

°Indicates significance at the 99 percent confidence levels for the t-values (shown 
in parentheses) of the regression coefficients and the F-ratio of the R2 value. 


T°, is positive are called relatively abundant 
and vice versa. l 

Table 2 presents the OLS estimate of 
equation (11). The dependent variable x, /y, 
is the value of net exports per dollar of final 
output of commodity n, which would be the 


total output of the industry were it com- 
pletely vertically integrated. The three equa- 
tions reported correspond to the three dif- 
ferent treatments of capital noted above. 
It was noted earlier that from the theory, 
equation (11) has a zero intercept. This re- 
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TABLE 3—ESTIMATED RELATIVE FACTOR ABUNDANCES 


FOR THR UNITED STATES, 1958 


, AND TESTS OF THE H-O THEOREM 


(Based on Regression Equation 1, Table 2) 














1 2 3 4 
Factor ET, z Plm) Sgn Bm 
Relatively Abundant 
1. Coal .3416° > 5 + 
2. Scientists and Engineers .1622¢ > 24 + 
3. Chemical and Fertilizer 
Minerals .1225° > 6 + 
4. Skilled Craftsmen .0669° > 34 + 
5. Physical Capital .0377° = 1d + 
6. Cropland .0283° > 9 — 
7. Clerks and Salesmen .0092° > 4 + 
8. Nontechnical Professionals . 
and Managers .0061° > 14 
Indeterminately Abundant 
9. Operatives -0009 = 8 + 
10. Unskilled Labor 0002 = 124 = 
11. Petroleum and Natural Gas 0000 = 114 = 
12, Farms and Farm Labor —~ 0118 > 
Relatively Scarce 
13. Pastureland — .0504° > 10 - 
14, Stone and Clay — .2712¢ > 134 - 
15. Forests ~ .3948¢ > 7 + 
16. Nonferrous Metal Ores — 4833¢ > 154 - 
17. Iron and Ferro-Alloy Ores — .5634¢ 164 — 
Spearman: SR? 963° .TT4S 
, 83.8) (3.0) 
Kendall; KR? 8510 583° 
(4.7) (3.2) 


4(8,,) gives the rank, in descending order, of the regression parameters from 


equation 1, reported in Table 2, 


>The z-statistic for Spearman’s (SR) and Kendall’s (KR) rank correlation co- 


efficients are recorded in parentheses. 


“Indicates significance at the 99 percent confidence level. 
dIndicates the corresponding regression parameter is significant. 


sulted from the assumption of constant re- 
turns to scale whereby factor shares (i.e., 
the right-hand variables) sum to unity for 
every commodity. However, in practice, our 
list of factors is not exhaustive, factor 
shares do not in the Gata sum to unity, and 
severe collinearity problems require omis- 
sion of the factor intensity “Farmers, Farm 
Labor and Farm Managers.” These facts 
permit and demand the estimation of equa- 
tion (11) with an intercept. From the point 
of view of the factor-proportions model, the 
regression constant will simply be the im- 
plied regression coefficient on a composite 


factor intensity defined as the value share of 
all omitted factors.” In practice, the inter- 
cept measures the average joint effect of all | 
omitted variables which may in fact im- 
pinge on proportionate net exports. These 
omissions may include variables deriving 





10This is a. well-known property of the intercept 
when all omitted and included variables sum to unity. 
Two possibly omitted factors are marine resources and 
urban-industrial land. Conceptually, no factor should 
be omitted from the regression. But “Farmers et al.” 
is so highly complementary with “Agricultural Lands” 
that its separate influence can not be identified. 
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TABLE 4—F-STATISTICS FOR DIFFERENCES BETWEEN PROPORTIONATE NET FACTOR-SERVICE EXPORTS? 





Factor i 2 3 4 5 6 7 8 














23.6 14.6 8.0 
13.7 4.9 1.0 5.7 

24.8 24.6 4.5 3.6 10.4 

25.5 28.0 4.9 2.4 7.8 10.1 
33.5 33.0 7.0 12.3 21.6 19.4 
35.1 44.5 9.9 30.7 61.4 60.8 
31.4 18.5 5.4 7.6 9.5 9,7 
19.7 13.2 25.6 10.9 10.5 10,2 
23.8 19.6 25.5 19.3 18.4 18.0 
132.7 138.3 


162.1 60.6 130.8 


112.6 76.1 104.9 114.6 123.8 


154.3 73.3 108.2 124.9 126.3 


255.7 90.3 153.9 186.0 189.6 


0.5 


0.3 0,3 

0.0 0.1 0.9 

1.2 1.7 1.1 1.0 

7.8 10,1 13.0 25.4 7.6 

77.7 86.9 106.3 44.2 25.5 78.7 


70.6 101.4 107.6 64.2 43.9 26.5 71.0 


143.8 112.6 106.7 58.4 42.0 54.1 14.9 147.7 


174.6 158.3 159.6 75.0 54.4 96.0 31.3 24.5 179.8 








aThe row and column numbers refer to factors as numbered in Table 3. The 5 and 1 percent confidence limits 


are 1.88 and 2.44, respectively. 


from competing theories: of comparative 
advantage.!! 

At present, no interest attaches to the in- 
dividual parameters of the regression equa- 
tions. As a test of the factor-proportions 
model, note that factor intensities as a 
group “explain” about 95 percent of the 
variation in proportionate net commodity 
exports across U.S. industries as indicated 
by the (significant) R? values for the overall 
regression. The regression constant is signi- 
ficantly nonzero in two of the three equa- 
tions. It is not possible, however, to dis- 
entangle the contribution to the constant 
of omitted factor intensities from that, if 
any, of omitted variables deriving from 
other possible models. Nonetheless, the 
U.S. data are consistent with the factor- 
proportions trade model. 

Given this result, it is now legitimate to 
estimate the relative factor-abundance 
ranking by computing the magnitudes 
ET;,, as defined by expression (21). Using 
regression equation 1 from Table 2 to esti- 
mate net commodity exports, the computed 


H For a summary of competing hypotheses see Bald- 
win, Hufbauer, or Stern. 


values of ET¢, are tabulated in rank order 
in column 1 of Table 3. It is of interest to 
know how well the relative factor-abun- 
dance ranking inferred from these estimates 
“fits” that inferred from the “observed” 
values T¢,, recorded in Table 1. Spearman’s 
and Kendail’s rank correlation coefficients, 
SR and KR," between these two alternate 
rankings are recorded at the bottom of col- 
umn I of Table 3. They indicate a good fit 
of the estimated to the observed ranking. 

Using the assumptions regarding the un- 
derlying distribution of the vector T°, dia- 
gonal and off-diagonal entries in Table 4 
give the F-statistic for the null hypothesis 
that, respectively, ET? = 0 and ET? — 
ET? = 0. A majority of the ET®’s are sig- 
nificantly different from zero and from each 
other at high confidence levels. But from 
the V-B Theorem, this implies a majority 
of the relative factor endowments r?,, are 
significantly different from zero and from 
each other. 


!2Discussion of these two rank correlation coeffi- 
cients is to be found in Frederick Mills. 

13While Spearman’s is the better-known coefficient 
to economists, its z-statistic is unreliable for sample 
sizes less than twenty. 
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The results of Table 4 are summarized in 
Table 3. Footnote key c on the magnitude 
ET?,in column 1 indicates it is significantly 
nonzero. An inequality (equality) sign at- 
tached to a factor in column 2 indiciates it 
is (in)significantly more abundant than the 
following factor. The stub headings in the 
table divide factors into three groups where 
ET? is significantly greater than, equal to, 
or less than zero corresponding to factors 
which are, respectively, relatively abundant, 
indeterminately abundant, and relatively 
scarce, We now have a statistical estimate 
of the (almost) complete relative factor 
abundance ranking for the United States in 
1958, 

The H-O Theorem can now be tested. 
The theorem’s first prediction is that a 
ranking of the regression coefficients will 
duplicate a ranking of the corresponding 
relative factor endowments as inferred from 
either 7°, or ET?,. The ranks of the cor- 
responding parameters of regression equa- 
tion | are recorded in column 2 of Table 1 
and column 3 of Table 3. The regression- 
parameter ranking does not duplicate either 
of the two inferred relative factor-abun- 
dance rankings. However, Spearman’s or 
Kendall’s rank correlation coefficient be- 
tween the regression parameter and factor- 
abundance rankings, recorded as SR and 
KR at the bottom of column 2 of Table 1 
and column 3 of Table 3, suggests that ob- 
served rank differences are atrributable to 
chance. Whether relative factor abundances 
are inferred from T¢ or from ET®?,, the rank 
correlation between the regression-param- 
eter ranking and the relative factor-abun- 
dance ranking is significantly different from 
zero at a high confidence level. 

Second, the H-O Theorem predicts that 
the signs of the regression coefficients will 
duplicate those of the corresponding rela- 
tive factor endowments. The signs of the 
coefficients of regression equation 1 are 


recorded for each factor in column 4 of 


Table 3. Obviously, these do not. duplicate 
the signs on the corresponding inferred re- 
lative factor endowments. However, for 
each factor where a sign difference occurs 
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either the regression coefficient or the rela- 
tive factor endowment is not significantly 
different from zero, in which case either one 
or the other can not be signed, statistically, 
at a generally accepted confidence level. 
One may infer, therefore, that observed 
sign differences are attributable to chance. 
In short, the data would appear to be con- 
sistent with the H-O Theorem. 

The above calculations and tests were 
also performed using regression equations 2 
and 3 in Table 2. These results are sum- 
marized in, respectively, Tables 5 and 6, as 
well as in columns 3 and 4 of Table 1. None 
of these results differs qualitatively from 
those already reported. The estimated rela- 
tive factor-abundance rankings are quite 
similar while the H-O Theorem holds, in 
each case. 

There is one interesting individual dis- 
parity, however, which relates to the treat- 
ment of inventories. Consider, first, the re- 
sults of regression equation 2 reported in 
Table 5. Inventories are the fourth most 
abundant factor while inventory intensity 
has a significant negative effect on propor- 
tionate net exports. Suppose, however, that 
inventories are not a factor of production, 
but rather are held for transactions pur- 
poses so as to moderate the effects of un- 
certainty with respect to product demand or 
input supplies. It may be that industries 
facing greater uncertainty, ceteris paribus, 
hold larger inventories while relative uncer- 
tainty affects an industry’s comparative ad- 
vantage. Then, inventory intensity may be 
acting as a proxy for relative uncertainty 
which empirically has a negative impact on 
proportionate net exports. This may be an 
additional noncompeting determinant of 
an industry’s comparative advantage not 
accounted for in the deterministic factor- 
proportions model. Of course, inventories 
may also be directly productive. Then, the 
effect of inventory intensity on propor- 
tionate net exports is a priori unknown: it 
will be positive on account of relative 
abundance but negative on account of rela- 
tive uncertainty. A posteriori, relative un- 
certainty would appear to dominate. 
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TABLE 5—ESTIMATED RELATIVE FACTOR ABUNDANCES 
_ FOR THE UNITED STATES, 1958, AND TESTS OF THE H-O THEOREM 
(Based on Regression Equation 2, Table 2) 


1 2 3 4 
Factor ET? 2 P(Bm)*? 582 Bin 
Relatively Abundant 
1. Coal .328> > 5d + 
2. Chemical and Fertilizer 
Minerals 113b > 7 + 
3. Scientists and Engineers .095> > 14 + 
4. Inventories .048> > 11¢ = 
5. Skilled Craftsmen 027 > 4 + 
6. Cropland 014° > 8 + 
7. Physical Capital 007° > 28 + 
Indeterminately Abundant 
8. Non-Technical Professionals 
and Managers .006 = 164 - 
_ 9. Clerks and Salesmen .003 = 34 + 
10. Petroleum and Natural Gas 001 > 139 - 
Relatively Scarce 
11. Unskilled Labor ~ 029 > 12 - 
12. Operatives —.036 > 9 + 
13. Farmers and Farm Labor — .042> > 
14. Pastureland —.118% > 10 - 
15. Stone and Clay —.297> > 144 - 
16. Forests — .423> > 6 + 
17. Nonferrous Metal Ores — 507% > 154 - 
18. Iron and Ferro-Alloy Ores —.574» > 173 - 
Spearman: SR 947° 591% 
(3.9) (2.4) 
Kendall: KR 856° 455» 
(4.9) (2.5) 


ap(m) gives the rank of the regression parameter estimates of equation 2, as 
reported in Table 2. 

bIndicates significance at the 99 percent confidence level. 

Indicates significance at the 95 percent confidence level. , 

dIndicates the corresponding regression parameter is significant at (at least) the 


95 percent confidence level. 


Now, consider the results of regression 
equation 3 reported in Table 6, where in- 
ventories are assumed to be a factor which 
is perfectly sustitutable for physical capital. 
A version of Leontief’s Paradox is ob- 
served: total capital is the fourth most 
abundant factor while total capital inten- 
sity has a large negative effect on propor- 
tionate net exports. This may be due to 
aggregation bias. A factor (physical capital) 
has been aggregated with a nonfactor or 
with an imperfectly substitutable factor 
(inventories). The negative effect of inven- 
tory intensity observed in regression equa- 


tion 2 dominates this parameter estimate. 
Thus this paradox presumably results from 
the same considerations as those given for 
the case of inventory intensity alone. 

For comparison with more aggregative 
studies, T2, and ET?, have been computed 
for four broadly defined factors: capital, 
human capital, agricultural land, and nat- 
ural resources. These are tabulated in 
Table 7, where the three separate estimates 
of ET? derive from the three separate re- 
gression equations. First, when capital in- 
cludes inventories, all inferred relative 
factor-abundance rankings conform to the 
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TABLE 6— ESTIMATED RELATIVE FACTOR ABUNDANCES 


FOR THE UNITED STATES, 1958, AND TESTS OF THE H-O THEOREM 


(Based on Regression Equation 3, Table 2) 


1 2 3 4 
Factor ET?, = (bn) SEN Bm 
Relatively Abundant 
1. Coal 339b > 2 + 
2. Scientists and Engineers 136? > Ic + 
3. Chemical and Fertilizer 
Minerals 108% > 7 + 
4. Total Capital 0665 > 11 - 
5. Skilled Craftsmen 056° > 5° + 
6. Cropland 053° > 4 + 
7. Nontechnical Professionals 
and Managers .035> = 15 - 
8. Clerks and Salesmen .034> > 3 + 
Indeterminantly Abundant 
9. Farmers and Farm Labor -005 = 
10. Petroleum and Natural Gas .000 = 6 + 
11. Unskilled Labor — 003 > 12 - 
Relatively Scarce os 
12. Operatives ~ 0135 > 10 - 
13. Pastureland —0.596 > 9 - 
14. Stone and Clay —.293> > 13° - 
15. Forests —.400° > 8 + 
16. Nonferrous Metal Ores — 492 > 14¢ - 
17. Iron and Ferro-Alloy Ores — 584 16¢ ~ 
Spearman: SR 939 676° 
(3.7) (2.6) 
Kendall: KR 772% .500> 
(4.3) (2.7) 


4p(6.,) gives the rank of the regression parameter estimates of equation 3, as re- 


ported in Table 2. 


Indicates significance at the 99 percent confidence level. 


°Indicates the corresponding regression parameter is significant at (at least) the 


95 percent confidence level. 


conventional wisdom. Second, defining 
capital to exclude inventories, all but one 
estimate suggests human capital is relatively 
more abundant than physical capital. This 
likewise is consistent with the conventional 
wisdom. Third, by appropriately aggre- 
gating coefficients from the regression equa- 
tion, the implied regression parameters on 
these four broad factor intensities can in 
principle be computed. In practice, the 
omission of the factor intensity “Farmers, 
Farm Labor and Farm Managers” from the 
regression equations prevents a fully ap- 
propriate estimate of the coefficient on 
human capital. Nonetheless, these aggre- 
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gate parameters are recorded as ĝ„ in 


` Table 7. For regression equations | and 2, 


the H-O Theorem holds. It does not hold 
for equation 3, presumably for reasons 
connected with the inclusion of inventories 
in the definition of capital, discussed above. 
Finally, the regression equations could be 
reestimated using these four aggregate fac- 
tor intensities as right-hand variables: that 
is, by aggregating the factors themselves 
rather than their regression coefficients. 
This has been done with the result that 
none of these four broad factor intensities, 
either separately or jointly, contributes 
significantly to the variation of propor- 
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TABLE 7—AGGREGATE RELATIVE FACTOR ABUNDANCES 
FOR THE UNITED STATES, 1958, AND TESTS OF THE H-O THEOREM® 


1 2 l 3 4 
Regression Equation 1 Regression Equation2 Regression Equation 3 
T ET?, Bm ETS, Bm ETS, Bm 
1. Total Capital 049 101° - .025¢ 8.93 066° —1.17 
2. Human Capital? .046 .043¢ 7.14¢ .004¢ 16.04¢ .034¢ 7.248 
3. Physical Capital .036 .038¢ 10.21¢ 007° 10.24¢ .020¢ - 
4. Agricultural Land .035 —.014° —5.41 — .049° —0.28° —~.041° -4.64 
5, Natural Resources —.056 —.026° —117.90° —0.50° —118.98° —.094¢ —97.06° 


Column | gives the “observed” factor abundances Th, while columns 2-4 give “estimated” abundances ET?,, 
and aggregate regression parameters based on, respectively, regression equations 1-3, from Table 2. 

bHuman Capital is defined as the sum of rewards to all labor. In computing the implied aggregate regression 
parameter, Human Capital excludes “Farmers, Farm Labor and Farm Managers.” 

Indicates the accompanying magnitude is nonzero at (at least) the 99 percent confidence level. 


tionate net exports across U.S. industries. 
This again is a case of aggregation bias. 
Clearly imperfectly substitutable factors 
have been aggregated which presumably 
has the effect of neglecting many individual 
factor complementarities which we have 
seen to be important in determining net 
commodity exports. In short, various types 
of capital, natural resources, agricultural 
lands, and labor skills are each sufficiently 
nonsubstitutable in production that none 
can be treated as homogenous for purposes 
of predicting U.S. commodity trade. 


III. Conclusions 


This paper has been concerned with two 
related empirical exercises. First, by apply- 
ing the V-B Theorem on the factor-service 
content of trade, it has estimated America’s 
relative endowments of a wide variety of 
factors. As was shown, this method is not 
conditional on the validity of any particular 
trade model. At a highly aggregate level, 
the conventional wisdom regarding Amer- 
ica’s relative factor-abundance ranking is 
supported. However, these aggregate results 
hide much. As one might have suspected, 
the United States is not relatively rich in all 
types of human capital nor is it relatively 
poor in all types of natural resources. Sec- 
ond, it has provided a version of the factor 


proportions model of commodity trade and 
its accompanying H-O Theorem. On the 
basis of several tests, this model is consis- 
tent with the U.S. data. 

My results, however, do not preclude the 
possible coexistence of other, perhaps dy- 
namic, determinants of U.S. commodity 
trade.’ However, the regression equations do 
suggest that the effects of other deter- 
minants, if any, are either commodity spe- 
cific, having little systematic impact on 
proportionate net exports, across all U.S. 
industries; or captured by the coefficient on 
one of the factor intensities. The latter 
would be the case when a possibly omitted 


_ determinant is highly collinear with one of 


the factor intensities. For example, it is 
often argued that U.S. comparative advan- 
tage lies in the production of goods with a 
high research and development (R&D) con- 
tent. Such goods may possess a tem- 
porary monopoly over “new” goods or a 
temporary technological advantage in 
the production of “old” goods. But the 
effect of R&D may be captured by the 
regression coefficient on “Scientists and 
Engineers,” for it is unknown if their con- 
tribution to proportionate net exports 
stems from their R&D activity or from their 
direct production activity. Nonetheless, 
their observed relative abundance is wholly 
consistent with the view that the United 
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States has a comparative advantage in the 
production of “new knowledge” which is 
embodied in the goods she exports." 
Finally, at least one caveat must be ex- 
plicitly attached to this study. Among other 
sources, aggregation bias may exist in our 
results due to the use of the Input-Output 
industry classification. Given data limita- 
tions, tests for such bias are not possible. 


APPENDIX 


All data were aggregated and classified 
according to the seventy-nine industries of 
the 1958 U.S. Input-Output Table. Having 
computed total factor intensities, non- 
traded services were dropped, leaving a 
sample of sixty “commodities.” 

A. Trade Data: Commodity exports 
and imports are from U.S. Exports and Im- 
ports as Related to Output, 1958. 

B. Land: Cropland and pastureland 
data are from Raymond Goldsmith and 
Census of Agriculture, 1959. These were con- 
verted to value shares using my estimates of 
9 and 6 percent rates of return to, respec- 
tively, Cropland and Pastureland. Land is a 
direct input only into agriculture. 

C. Capital: Data for manufactures are 
from Census of Manufactures, 1958. These 
are net book values of physical plant and 
equipment and inventories of work in 
progress, raw materials and finished goods. 
Agricultural capital estimates are from 
Goldsmith and Census of Agriculture, 1959. 


\4See Raymond Vernon or Donald Keesing for 
variants of the R &D hypothesis. 

SConsider the J/-O industry “Forestry and Fish- 
eries.” No data exist separately on these two dissimilar 
industries nor on marine-resource inputs. Thus, com- 
putation of total factor intensities using the inverse of 
the 7-0 Table may measure as forest-intensive indus- 
tries, which are in fact marine resource intensive. This 
may account for Forests yielding such anomalous re- 
sults in the sign and rank tests of the H-O Theorem. 
Further, given that inventories are held to insure cer- 
tainty of supply of intermediate inputs, their levels will 
be highly sensitive to the actual /-O structure of the 
economy. This may bias tke results pertaining to in- 
ventory intensity which is measured in accord with 
the theory as if all firms were completely vertically 
integrated. 
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Sources for extractive industries include 
Daniel Creamer et al.; Goldsmith; Minerals 
Yearbook, 1958; Historical Statistics of the 
United States. Capital coefficients for all 
other industries come from Baldwin. These 
data were converted to value shares by as- 
suming an 8 percent rate of return to capi- 
tal, which is consistent with my own as well 
as other estimates in the literature. 

D. Natural Resources: Forest-resource 
inputs come from Goldsmith. For subsoil 
assets, data were obtained on value-added 
and payments to capital and labor from 
sources given above. Subtracting payments 
to labor and capital from value-added, the 
residual must be the returns to the subsoil 
asset extracted, given constant returns to 
scale and perfect competition. Any subsoil 
asset is a direct input only into the industry 
which extracts it. 

E. Labor Skills coefficients were kindly 
provided by Baldwin. These were con- 
verted to value shares using average earn- 
ings data in Census of Population, 1960. 
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Anticipated Inflation and Interest Rates: Further 
Interpretation of Findings on the Fisher Equation 


P By Maurice D. LEVI AND JOHN H. MAKIN* 


This paper extends the approach first 
aken by Robert Mundell of employing a 
zeneral equilibrium model to question the 
Fisher hypothesis that the real rate of in- 
‘erest is invariant with respect to changes in 
anticipated inflation. The extension in- 
volves the inclusion of a labor sector which 
‘ationalizes short-run Phillips curves of 
sositive or negative slope and the incor- 
doration of the effect of taxes on nominal 
nterest as discussed by Michael Darby. 

A labor market is introduced which 
lears when money wages demanded by 
abor suppliers are equal to money wages 
»ffered by labor demanders. This implies 
he existence of income and employment 
fects arising from changes in anticipated 
nflation whenever the elasticity of money 
wages demanded by labor suppliers with re- 
pect to actual inflation differs from unity.’ 
For values of such an elasticity below unity, 
he implied positive impact upon real in- 
ome arising from a rise in anticipated in- 
lation adds to the impact upon saving 
iising from real balance effects and thereby 
nereases the effect of a change in antici- 
vated inflation upon the real rate of interest. 
faxes on nominal interest earnings produce 


*Associate professor, faculty of commerce, Uni- 
rersity of British Columbia, and professor, de- 
sartment of economics, University of Washington, 
‘espectively. The U.S. Treasury Department and the 
7ederal Reserve Bank of San Francisco provided 
inancial support. We owe thanks for comments and 
stimulation to Charles R. Nelson, John Murray, A. L. 
Annanthanarayanan, and to the managing editor of 
his Review. All views expressed and any remaining 
rors are ours alone. 

'The key role played in the massive contemporary 
iterature on the Phillips curve by the elasticity of 
noney wages demanded with respect to prices and/or 
inticipated prices has been ably surveyed by John 
Rutledge. 
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an additional effect. Our aim is to present 
a framework within which to consider all of 
these effects simultaneously.” 

The assumption that money wages are 
rigid downward along with employment of 
the Correspondence Principle allows us to 
place limits upon the range of values of the 
elasticity of money wage demands with 
respect to inflation. Allowing this param- 
eter to vary over such a range produces, 
along with other parameter values, com- 
parative static results which are consistent 
with observable magnitudes. In particular, 
results are obtained describing the impact 
of a change in expected inflation on nominal 
interest and an implied impact on real in- 
terest which are consistent with the mea- 
sured impact discovered by empirical re- 
searchers, However, contrary to the 
assumption of empirical investigators (in- 
cluding William Gibson; Eugene Fama; 
Kajal Lahiri; and John Carr, James Pe- 
sando, and Lawrence B. Smith), our re- 
sults are also consistent with the hypothesis 
that neither the real rate of interest nor the 
after-tax real rate (discussed below), is in- 
dependent of the expected rate of inflation. 

The paper consists of three sections. Sec- 
tion I briefly reviews the theoretical litera- 
ture questioning the independence of the 
real rate from the level of anticipated in- 
flation implied by the Fisher hypothesis, 
We present our model and describe its im- 
plications for the relationship between 
nominal and real after-tax interest rates and 


2We note that our model is consistent with a chang- 
ing relationship between unemployment and inflation 
hypothesized by Irving Fisher (1926). This same model 
also produces results consistent with Fisher’s findings 
on the impact of anticipated inflation upon nominal 
interest rates. 
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anticipated inflation. Section H discusses 
the implications of results obtained with 
our model for the interpretation of the esti- 
mates obtained in a number of empirical 
investigations of the Fisher hypothesis. Sec- 
tion III presents some concluding remarks. 


I. A General Equilibrium Framework 
for Investigating the Effects of 
Anticipated Inflation 


This investigation is by no means the first 
attempt to find a theoretical rationale to 
reconcile Fisher’s hypothesis with empirical 
findings. Mundell showed, in a full employ- 
ment world with real balance effects, that 
the real interest rate is dependent upon the 
level of anticipated inflation. Implicit in 
Mundell’s model (since his LM schedule 
was not vertical) was a nonzero interest 
elasticity of money demand, a condition 
necessary for the link between real interest 
and anticipated inflation within his formu- 
lation. This requirement was made explicit 
by Thomas Sargent who used a model not 
requiring full employment, where all be- 
havior is dependent upon distributed-lag 
representations of variables affecting the 
money and commodity markets. Sargent 
showed that the initial impact of a change 
in anticipated inflation on nominal interest 
is less than unity, but the full impact over 
long periods of time is equal to unity. Un- 
der his formulation this means that changes 
in anticipated inflation have only a transi- 
tory effect on the real interest rate. Ignazio 
Visco, with a model identical to Sargent’s 

` save for the inclusion of a real balance ef- 
fect upon expenditure, showed that even in 
Sargent’s dynamic model, after full adjust- 
ment, Mundell’s comparative static real 
balance effect is preserved, whereby a change 
in anticipated inflation permanently affects 
the real interest rate. 

The proposition is advanced in this paper 
that the Fisher equation ought to be viewed 
as a reduced-form relationship derivable 
from a simple general equilibrium model. 
This model should allow for the impact of a 
number of factors which affect the influence 
of a change in anticipated inflation upon 
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the nominal rate of interest. These factors 
include taxes on interest earnings; induced 
changes in income and employment which 
may accompany a change in anticipated in- 
flation; real balarice effects; and the size of 
the interest elasticity of the demand for 
money. To account for these factors we in- 
troduce a macro-economic model which 
determines the impact of changes in ex- 
pected inflation upon the nominal interest 
rate. The closed economy model will con- 
sist of equilibrium conditions in commodity, 
money, and labor markets with the bond 
market eliminated by Walras’ Law. The 
money market is expressed in stock equilib- 
rium terms.? 

We shall entertain the Darby modifica- 
tion of the Fisher hypothesis which states 
in effect that the after-tax real rate of in- 
terest is independent of the level of antici- 
pated inflation. The relationship between 


3In a recent paper Lewis Johnson derived a result 
that the real rate is dependent upon the level of an- 
ticipated inflation. As in earlier studies, this requires 
both a real balance effect and a nonzero interest 
elasticity of money demand. Johnson also introduced 
a flow equilibrium condition in the money market, 
“momentary equilibrium,” which results in a solution 
for the relationship between the level of anticipated 
inflation and the nominal and/or real interest rate de- 
pendent upon the speed at which individuals adjust 
money demand in response to money market (stock) 
disequilibria. Such a model permits accommodation of 
the “anticipation effect” whereby individuals an- 
ticipating inflation and desiring to cut holdings of real 
money balances will also realize that their desires will 
be to some extent satisfied, given no action at all, inso- 
far as anticipated inflation does materialize. Of course 
it must be assumed that the rate of growth of the 
nominal money supply is known as well. While John- 
son’s model is both innovative and promising, it does 
require explicit knowledge about the speed with which 
money markets adjust. He in fact concluded that his 
model assumes “implausible” dynamics whereby port- 
folio adjustment takes time while goods markets ad- 
just instantaneously. In order to keep a model in a 
form which involves only parameters for which esti- 
mates are readily available, we shall retain the stock 
equilibrium formulation in the money market. This 
formulation is equivalent to the flow formulation, as 
Johnson notes, if it is assumed that instantaneous 
stock adjustment always keeps flow demand at zero. 
Later we shall show that the model we propose isl 
stable despite the assumption of instantaneous adjust- 
ment in the money market. 


a 
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1¢ Fisher hypothesis and the Darby hy- 
othesis and their implications can be seen 
learly from the following. Let i be the 
ominal interest rate, r the real interest 
ate, and a the expected rate of inflation. 
et r* be the after-tax real interest rate, 
nd r be the marginal tax rate on interest 
icome. The Fisher hypothesis begins with 
1e relationship 


.) i=r+rT 


id states that di/dr = 1.0, given dr/dx = 0. 
he Darby hypothesis begins with the rela- 
onship 


') r* = i(l-r)- r 


r, alternatively, 


* 
1) pae LET 


(I — 7) 


id states that di/dm = 1/(1 — r) given 
*/dr = 0.4 We shall incorporate equation 
) into the general equilibrium model to be 
veloped below. 

Equilibrium conditions for our model are 
ated as follows (with i expressed by equa- 
on (3)):9 


4Here we follow Darby and ignore the effect of pos- 
dle taxes on capital gains which could materialize if 
mmodity prices actually rise at the expected rate. 
1e effect suggested by Darby will follow as long as 
e marginal tax rate on income lies above that on 
pital gains. For example, setting r = 0.5 and the tax 
te on capital gains 7g = 0.25 would imply rewriting 
Jas 


r* l 


, i= 
) l-r l-re 








T 


here re =(r — rx) /(l — 7x) = .33. 

5The commodity market is cleared by employing the 
nplest possible formulations of investment and sav- 
gs behavior. The term r* could be included in the 
vings function with the effect that changes in r* pro- 
ice larger changes in excess demand or supply in the 
mmodity markets. The same impact can be intro- 
iced by varying the sensitivity of investment with re- 
ect to r*. The impact of such variation is investigated 
the Appendix. Note that in (4), it is assumed that 
x proceeds are employed to retire government debt. 
(plicit government expenditure is omitted from the 
mmodity market equation for simplicity. Its inclu- 
yn would not affect our major conclusions below. 
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(4) I(r*) — S(Y(N), M/P) = 0 
L(Y(N),i,P) - M =0 
PY'(N) — W(P,N*) = 0 


The first equation sets real investment J, 
expressed as a function of the real after-tax 
rate of return, equal to real savings which 
is determined by real income and the level 
of real money balances M/P. Real income, 
equal to real output, is determined by the 
quantity of labor employed and is written 
as Y(N). The second equation sets nominal 
money demand, L(Y(N),i,P), equal to 
nominal money supply M. The third equa- 
tion sets the money wage offered, or the 
value of the marginal product of labor, 
PY'(N), equal to the money wage de- 
manded, expressed as a function of the 
price level P, and the quantity of labor 
supplied N°. Thus N° is set equal to N, the 
quantity of labor demanded. Employment 
and output rise when the money wage of- 
fered to labor exceeds the current money 
wage demanded and conversely. The level 
of anticipated inflation and the money sup- 
ply are exogenous variables. The first two 
equations set quantities equal with price 
adjustments implicitly assumed to clear 
markets while the labor market equation 
sets nominal wages demanded equal to 
nominal wages offered, with adjustments in 
the quantity of labor implicitly assumed to 
clear that market. The dynamics of this 
system will be given explicit consideration 
in the Appendix. 

The system of equations in (4) is differ- 
entiated and the coefficients expressed in 
elasticity form. This permits the use of 
“ball park” parameter values. Some nu- 
merical analysis is necessary since a priori 
proximity of di/dr to 1/(1 — 7) is an im- 
portant issue here. Letting Z,, be defined as 
“the elasticity of x with respect to y” we 
summarize signs and ball park figures (in 
parentheses) for the relevant parameters:® 


6Our results are unaffected if we allow money de- 
mand to depend upon after-tax nominal interest, i* = 
i{1 — r). There of course exist many estimates of the 
parameter values employed here. Some will prefer to 
insert values which they consider more likely. This 
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TABLE 1—COMPARATIVE STATIC PROPERTIES OF A SIMPLE MACRO MODEL 











B=(1-Zywp)>0 B<9 B=0 

M ar + + + (1.0) 
| P dM 

mae + + + 

P dr 

A less than 1/(1 — 7) Sia -= 7) less than 1/(1 — 7) 

w 

as 8 225m 

M di 

aE z 0 

i dM i 

M dN; M dY 

Se ieee «oh eee $ > 0 

N dM Y dM 

z aN ¢_ = dY 2 = 0 

N dr Y dr 


investment: Zip <0 (—0.4) 

savings: Zsy > 0 (1.0) 
Esm < 0 (—0.2) 
m = MJP 

money demand: Z;y > O (1.0) 
21,< 0 (-0.5) 
Dip > 0 (1.0) 

output:’ Zy > 0 (1.0) 
Zyn = 0 

wage demand; (0 < Zyp < 1.69) 
Zyn > 0 (1.0) 


The parameter of most interest here is 
the elasticity of money wages demanded 
with respect to price È wp, upon which we 
have placed a range estimate running from 
0 to 1.69. Neither number is arbitrary. The 
lower limit reflects downward rigidity of 
money wages. The upper limit represents 
the maximum value of Zp, given other 
parameter values already specified, that is 
consistent with dynamic stability (discussed 
in the Appendix) of the system described 


can easily be done, but it will be discovered that the 
nature of our findings is not largely altered by changes 
to other parameter values which lie within the range 
frequently estimated. (See the Appendix.) 

7We assume constant returns to scale. 


by (4). The term 2 wp is not expected to be 
constant. During the initial stages of a rise 
in the rate of inflation, institutional rigid- 
ities associated with wage contracts or slow- 
ness in identifying the true process de- 
scribing the behavior of prices lead us tc 
expect Zp < 1.8 For the same reasons, 
during the initial stages of a fall in the rate 
of inflation or during the period when (pre- 
viously reduced) real wages are being re- 
stored, we expect Zwp > 1. During steady 
inflation as the true process describing the 
behavior of prices comes to be correctly 
perceived we expect È wp to approach unity. 
As a matter of fact, estimates of Zyp re- 
ported in the survey of the Phillips curve 
literature by Rutledge vary widely over time 
and location, with values reported ranging 
from about 0.2 to unity. We shall investi- 
gate the significance of changes in È wp for 
our results once the comparative static 
properties of (4) have been determined. 


8These factors are emphasized by William Poole in 4 
discussion of phenomena which may lead to observa 
tion of events such as business cycles or real effects o 
nominal disturbances which are inconsistent with full 
rational expectations. In addition, as noted by Milto 
Friedman, higher rates of inflation tend also to b 
more volatile. Therefore prices in the future becom 
more difficult to predict from prices now and ex posi 
values of 2 yp will be more likely to differ from unit, 
when rates cf inflation are high and volatile. 
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Differentiating (4) and converting into 
elasticity form gives results summarized in 
Table 1. The sign cf the relationship be- 
tween percentage changes in exogenous M 
and r, and the percentage change in each 
of the endogenous variables P, i, and N is 
given to acquaint the reader with the gen- 
eral properties of the model under alter- 
native values of 6, defined equal to 1 — 
Z wp. The impact of anticipated inflation on 
interest is given simply as di/dx for com- 
parison with the value obtained for this 
derivative under the Darby hypothesis. An 
explicit expression for di/dx implied by our 
model is given below in (5). Recall that 
given percent changes of M and r will pro- 
duce percent changes of N identical to those 
of Y since Dyy = 1.0. 

Our primary interest is in di/dr. The 
other results will be given some further 
consideration below. First, it can readily 
be seen from Table | that values of di/dr 
smaller than that anticipated by the Darby 
hypothesis will arise for nearly all possible 
values of 8 = (1 — Èp). Further, an 
elasticity of money wages demanded with 
respect to inflation of greater than unity im- 
plies a reduction in real output and employ- 
ment when the money stock is increased.° 

Taking Dyy, Dsy, and Dwy, all equal to 
unity, we may write: '° 


9Some other results given in Table 1 are worth 
noting. When 8 = 0 the natural rate hypothesis is 
satisfied by the classical result: the rate of increase in 
the price level is identical to the rate of increase in the 
money supply (the “1” under 8 = 0), while output and 
employment are independent of monetary growth. The 
Fisher/Darby hypothesis is contradicted even in the 
classical case where 8 = 0 due to the real balance ef- 
fect, as was noted by Mundell. The result whereby 
(x/N)(dN/dr) > 0 is exactly that hypothesized and 
measured by Fisher (1926) in his “discovery” of the 
Phillips curve whereby employment too is termed a 
“dance of the dollar.” Of course Fisher is appropriately 
skeptical about the ultimate impact of rising inflation 
upon employment, noting that, after a rise in inflation, 
“Employment is then stimulated—for a time at least” 
(p. 498). 

10The labor market-clearing equation in (4) has 
money wages demanded dependent upon the price 
level and the quantity of labor supplied. Thus our as- 
sumption È wy = 1.0 is equivalent to an assumption of 
unitary elasticity of labor supply with respect to money 
wages at a given price level or 1/2 wy = Eyy = 1.0. 
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On > £ 
7 lb — Èsm) 


CDt GAG +0 
Equation (5) gives the Mundell-Sargent- 
Visco result since, given r = 0, di/dr = 
1.0 requires setting 2,;equal to zero.'! Thus 
8 = 0 is equivalent to a full employment 
assumption in a model where real wages 
are constant and equal to the marginal 
product of a given (full employment) quan- 
tity of labor. Mundell did fail to note, how- 
ever, that his result whereby di/dx < 0 
given the real balance effect also required 
EZ; < 0, though this condition was implicit, 
as we have noted, in the negatively sloped 
LM curve appearing in his Metzler-type 
diagram. His result gives di/dr = 0 if 
Z, = 0. 

Crude as they may be, the ball park 
parameter values permit us to suggest some 
limits for values of di/dx under different 
assumptions about i/r* and @ as well as r. 
One thing which characterizes empirical 
estimates of di/dx is variety, and some in- 
vestigators like Gibson and Lahiri report 
evidence of structural changes or breaks in. 
estimated values of di/dx, particularly 
around 1960. First we note that, given È wy, 
Zyn> Zsy = 1.0, if B > Psm > -1: 


© flid) = 
(—i/r*)Z Zull + Zsm] 


la? <0 
(1) = 45 (di/dr) = 
d(i/r*) 
ZuZe — Zsn)(B + 1) 50 
lal? 


where |A] = [(i/r*)2,.(1 — 1X8 + 1) + 
Zall — Zsm)] < 0 


Such an assumption, which amounts to unitary 
elasticity of labor supply with respect to real wages, 
seems reasonable enough and serves to reduce the 
complexity of comparative static solutions to the 
model. 

11The only other possibility would have a negative 
8 equal in absolute value to Zg,, given Zwy, Zsy, and 
Zyn = 1.0. 
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Now, as expected inflation rises we expect 
È wp to rise thereby lowering 8 and, given 
(6), in turn raising di/dr. At the same time, 
a rise in m raises i/r* = (1/(1 — 7)) (1 + 
a/r*) as long as x increases faster than r*. 
This in turn adds to the positive impact 
upon di/dw arising from an increase in 
È wp Since (7) carries a positive sign. 

To place a lower limit on di/dz, set 
Zwe = 0 ( = 1.0). If initially r = 0, 
i/r* = 1/(1 — T). We set r = 0.33 consistent 
with the marginal tax rate on nominal in- 
terest suggested by Darby to be consistent 
with observed differentials between taxable 
and tax-free returns on bonds. These 
parameter values along with those already 
given imply di/dr = 0.857. 

Alternatively, suppose r* = m = 4.0 per- 
cent and Èp = 1.0 (8 = 0). Given these 
assumptions, di/dr = 1.333. It is also clear 
from (5) that as 6 approaches sm, in this 
case —0.2, di/dx approaches 1/(1 — 7). 
Finally, it is easy to account for estimates 
of di/d close to unity by selecting values 
between the extremes already mentioned. 
Given i/r* = 2.0 and7 = 0.33, a value of 
B = 0.695 (Zywp = 0.305) gives a value of 
di/dx = 1.0 since these values satisfy 


_ Zull — Zsm) 
(8) T= "pE + D 


which, given equation (5), is a necessary 
and sufficient condition for di/drm = 1.0. 

As simple as our model is and as crude as 
our parameter estimates may be, it is by 
now evident that it is an easy matter to 
employ both to account, first, for most of 
the estimated values of di/dx and, second, 
for changes in the value of di/dr over time, 
given changes over time in the value of È wp. 
Finally we can show that the existence of 
estimates of di/dx close to unity do not 
confirm the Fisher hypothesis in any gen- 
eral sense and in particular do not imply 
after-tax real returns that are independent 
of the level of anticipated inflation. 

Returning to Table 1, it is worthwhile to 
consider the general economic situations 
which could be expected to accompany 
changing values of di/dz. Lower values of 
di/dw would be expected to arise when È wp 
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is relatively low (less than one so that 6 > 0) 
due say to a recent rise in the rate of infla- 
tion. Given such circumstances an exog- 
enous increase in v will raise prices, real out- 
put, employment, and nominal interest 
rates. If m continues to rise, given that 
wages begin to respond more promptly to 
increases in actual inflation, 8 will fall 
while i/r* rises and if 8 becomes negative, 
there may arise a period of rising inflation 
and falling real output and employment, 
accompanied by rising nominal interest 
rates. In fact 8 describes the ratio of the im- 
pact upon real output (employment) and 
prices arising from monetary expansion or 
arise in anticipated inflation based on the 
model given by (4). The implied mix in the 
relative response of real output (employ- 
ment) and inflation to monetary growth or 
a rise in anticipated inflation goes from a 
maximum value of 1.0 (6 = 1.0, Èp = 0) 
downward to a minimum value of —0.69 
(Zwp = 1.69). The case where 86 = 0 
(Zywp = 1.0) is consistent with the natural 
rate hypothesis (a vertical Phillips curve) 
which in turn reflects the absence of money 
illusion implicit in a value of £ yp = 1.0. In 
addition where £ is falling for reasons cited 
above, di/dx can be expected to rise, sug- 
gesting that real effects follow from changes 
in nominal M or m, when the inflation rate 
forecast is wrong. Such real effects vary 
with the degree of inaccuracy of inflation 
forecasts. Under the assumption however 
that inflation forecasts are correct in the 
long run, the steady-state value of 2 yp is 
unity and 8 = 0. Our results are then con- 
sistent with the notion that an unemploy- 
ment inflation tradeoff is a short-run phe- 
nomenon. 

The economics behind the results just 
discussed are straightforward. The rise in 
expected inflation produces an excess de- 
mand for commodities as investment rises 
due to an initially depressed real rate of 
interest. Simultaneously there occurs an ex- 
cess supply of money in the face of antici- 


12Based on the requirement that £ lie above —0.69 
for the model in (4) to be stable. This result is derived 
in the Appendix. 
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pated depreciation of money in terms of 
goods, caused by the rise in and the initial 
rise in the nominal interest rate. In short, 
anticipated inflation leads to a desire to 
convert financial to real assets. In a full 
employment model with no real balance ef- 
fects the new equilibrium in the commodity 
sector requires a restoration of the original 
after-tax real rate which in turn requires 
difdx = 1/(1 — 7). With real balance ef- 
fects, the higher price level resulting from 
excess commodity demand lowers real bal- 
ances, thereby shifting out the savings sched- 
ule and requiring a lower after-tax real in- 
terest rate to reequilibrate the commodity 
sector. Of course, if the interest elasticity of 
money demand is zero, no excess supply 
condition ever arises in the monetary sector. 
Even with a real balance effect there is no 
impact upon the after-tax real interest rate 
since no reduction in money demand is 
available to increase commodity demand. 
The price level remains constant and i sim- 
ply rises by w/(i — 7). 

Once the assumption of fixed output is 
dropped and attention is paid to the impact 
of price level changes upon real wages, em- 
ployment, and output, the potential for an 
impact of changes in expected inflation 
upon the real rate of interest is further en- 
hanced. If Epp < 1 (8 > 0), then the 
changes described above are accompanied 
by a rise in real income (output), As a re- 
sult savings are increased and the new 
equilibrium real interest rate can be still 
lower in response to a rise in m. The con- 
dition È wp = 1.0 freezes real income which 
simply returns us to the full employment 
case of Mundell, while Zp > 1 means that 
real income falls given a rise in r. This in 
turn means that dr*/dx will be $ 0 
(di/dw $1 /(1 — +)) depending on whether 
the fall in real balances results in an in- 
crease in savings that is greater than, equal 
to, or less than the decrease in savings 
caused by a fall in real income. 

Finally, it is interesting to note that the 
results presented in Table 1 rationalize the 
Gibson Paradox, whereby a higher price 
level is associated with higher nominal in- 
terest rates, in cases were £p exceeds 
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unity. In such cases monetary expansion 
will result in inflation and higher nominal 
interest which will in turn cause high levels 
of prices and interest rates to appear simul- 
taneously. 


Il. Measurement of the Impact of Anticipated 
Inflation on Nominal Interest 


Ever since Fisher uneasily concluded in 
1930 that “when prices are rising, the (nom- 
inal) rate of interest tends to: be high but 
not so high as it should be to compensate for 
the rise” (p. 43, emphasis added), empirical 
investigations into the effect upon nominal 
interest rates of changes in anticipated in- 
flation rates have generally ended with 
some ad hoc theorizing, either on why it is 
that nominal interest rates do not rise by 
the full amount of an increase in antici- 
pated inflation, or why it is that the mea- 
sured impact of changes in inflationary ex- 
pectations upon nominal interest rates is 
not constant over time.” 

Frequently the problem is found to be 
one of properly modeling and measuring 
just how it is that people form their ex- 
pectations about future rates of inflation. 
The implication of the Fisher legacy is a 
search for measures of anticipated inflation 
that can predict nominal interest rates with 
a regression coefficient of unity. As a con- 
sequence we find studies like that of Lahiri 
employing “weighted,” “adaptive,” “‘extrap- 
olative,” and “regressive” expectations to 
model the formulation of expected inflation 
rates along with one-, two- or three-stage 
least squares estimates of the impact of 


. such weights upon nominal interest rates. 


Even with all of these variants the results do 
not support the hypothesized impact upon 
nominal interest rates arising from changes 
in expected rates of inflation, however mea- 
sured, and there appears to be a structural 
break in the data around 1960. It is our 
contention here that neither of these results 
is at all surprising and that the prior beliefs 


13See articles surveyed by Richard Roll, and more 
recently, articles by Gibson; Lahiri; Carr, Pesando, 
and Smith. 
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generated by the Fisher hypothesis can and 
have in some cases seriously misled empiri- 
cal investigators, 

Despite the rather extensive efforts of 
theorists investigating the Fisher hypoth- 
esis, empirical researchers have in some 
cases found theorists easy to ignore, par- 
ticularly on the question of constancy of 
the real rate. Gibson, citing Reuben Kessel 
and Armen Alchian and Mundell, simply 
assumes dr/dx = 0 because “There is as 
yet no theoretical consensus on the relation- 
ship between the real rate and the expected 
rate of inflation” (p. 855). This might be 
ignored if he did not conclude later on that 
his results “...lend support to the hypoth- 
esis that the real rate of interest is not af- 
fected by price expectations over a six 
month period. . .” (p. 863).'* 

Lahiri appears to recall late in his article 
the significance of his initial assumption 
that the real rate is independent of antici- 
pated inflation when he writes somewhat 
cryptically: “Though some effects of price 
expectations on [the] real rate can never be 
overemphasized, I did not pursue that point 
in this paper” (p. 130). 

The Fisher legacy has been carried a step 
further by Fama. Based on the joint hy- 
pothesis that expectations are rational and 
that the real rate of interest is constant, 
Fama concludes that one cannot reject the 
hypothesis that “all variation through time 
in one- to six-month nominal rates of in- 
terest mirrors variation in correctly as- 
sessed one- to six-month expected rates of 
change in purchasing power” (p. 282). Fama 
in effect requires that the Fisher hypothesis, 
which predicts a unit impact upon nom- 
inal interest rates of changes in expected 
inflation, be empirically verified if we are to 


14To be fair it should be noted that Gibson is here 
commenting on a finding that for some of his results 
di/dx lies close to unity which, ignoring tax effects, 
could imply dr/dx close to zero. But many of his re- 
sults do not show di/dr close to unity and as Gibson 
himself notes di/dr = 1, while consistent with dr/dx = 
0, is also consistent with a world in which “positive 
(negative) effects on the real rate are exactly matched 
by underadjustment (overadjustment) of nominal 
rates” (p. 855). 
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conclude first, that expectations are rational 
and second, that the real rate is constant in 
general and, in particular, is independent 
of changes in the expected rate of infla- 
tion.) 

Fama’s innovative empirical approach 
which requires that both market efficiency 
(in the sense of rational expectations) and a 
constant real rate be included in the null 
hypothesis, carries with it the danger that 
the hypothesis of market efficiency may 
erroneously be rejected if one clings to the 
validity of the hypothesis that real rates 
are constant. In a paper modifying Fama’s 
conclusions, Charles Nelson and G. Wil- 
liam Schwert (N-S) argue that Fama’s test 
could not have been expected to produce 
rejection of his joint hypothesis. More 
powerful tests performed by N-S do result 
in rejection of that hypothesis. They choose 
to conclude, based upon copious evidence 
of market efficiency, much of it produced 
by Fama himself, that their results suggest 
rather that the real interest rate is not con- 
stant. We have argued that if the after-tax 
real rate of interest depends upon the level 
of anticipated inflation, efficient markets 
imply that the Fisher hypothesis cannot be 
fulfilled but that one may, given the validity 
of the Darby hypothesis, erroneously infer 
that the Fisher hypothesis holds. 

The prior belief that di/dx = 1.0 implies 
independence of the real rate from antici- 
pated inflation really involves a compound 
error, given a general equilibrium model 
coupled with the Darby hypothesis of in- 
dependence of the real after-tax rate from 
anticipated inflation. To see this consider 
first the implication of the general equilib- 
rium model for the value of di/dm given 
only the Fisher hypothesis and investment 
determined by the real rate unadjusted for 
taxes, r. In this case 


15}t is important to distinguish clearly between the 
Fisher hypothesis stated here and the Fisher finding 
that indeed the nominal interest rate does not appear 
to change by the full amount of a change in the ex- 
pected rate of inflation which is measured in turn by 
a distributed lag on past and current observed rates of 
inflation. 
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(5') Oe Gee ay 
dr, Zu ~ Bsn) 


(i/r)z,(8 + 1) 


which becomes unity under conditions 
identical to those which make (5) equal to 
1/(1 — 7). Given (5') we are not surprised 
to find estimates of the impact of changes 
in + upon i lying below unity. However, 
note that if 8 = Zs». and negative effects 
of falling income on saving arising from a 
rise in real wages (given Epp > 1.0 and 
B < 0) cancel positive effects of lower real 
balances on saving, the real rate may be un- 
affected. But this is a rather special case, 
likely to appear only in a period of rapidly 
decelerating inflation and/or past reduc- 
tions in real wages. In any case, should the 
estimated impact of a rise in anticipated 
inflation upon the nominal interest rate be 
unity, we could, given (5’), correctly infer 
under the Fisher hypothesis, a constant real 
rate. 

The real difficulty associated with the 
prior belief that di/dx = 1.0 implies inde- 
pendence of the real rate from anticipated 
inflation arises under the Darby hypothesis, 
given that we take investment to depend 
upon the after-tax real rate. If one looks 
back at our equation (5), it is seen that its 
right-hand side exceeds the r.h.s. of (5’) 
when 7 > 0 and 2, = Z,,.'6 As we have 
already noted, the r.h.s. of (5) can assume a 
value of unity, given our parameter values 
when Zp =.30. Should this result coin- 
cide with the prior beliefs associated with 
the Fisher hypothesis, one would wrongly 
conclude, given the Darby hypothesis and 
I = I(r*), that the real rate is unaffected 
by anticipated inflation when in fact such a 
result implies that neither the after-tax real 
rate nor the real rate displays such inde- 
pendence." Thus Fama’s estimate of 0.98 
for the impact of anticipated inflation on 
nominal interest supports neither indepen- 


16Note that i/r* will exceed i/r since r — r* = ir. 

1TThis follows since independence of the after-tax 
rate requires di/dw = 1/(1 — 7) (the Darby hypothesis). 
Also, when the r.h.s. of (5) equals unity, and we ignore 
the ir term for r — r*, it implies the r.h.s. of (5') equal 
to 1/(1 + r) which contradicts the Fisher hypothesis. 
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dence of the real rate nor of the after-tax 
real rate from anticipated inflation. 

Tests of the Darby hypothesis conducted 
on Canadian data by Carr, Pesando, and 
Smith which were termed “inconclusive” 
by their authors in fact produced results 
quite consistent with those predicted by our 
equation (5). A wide variety of formula- 
tions to represent expected inflation pro- 
duced statistically significant estimates of 
di/dx running from 0.86 to 1.34 with a 
mean value of 1.03 and a standard deviation 
of 0.12 employing interest rates on instru-., 
ments with a range of maturities from 
ninety days to ten years.’ 

Carr, Pesando, and Smith given a prior 
belief based on the Darby hypothesis of an 
after-tax real rate independent of antici- 
pated inflation that di/dr = 1/(1 — r) 
were led to the “inconclusive” view of their 
results. We would argue simply that they 
entertained an incorrect prior belief. 


Ill. Concluding Remarks 


It is our view that empirical investiga- 
tors of the effects of anticipated inflation 
have not been well served by prior beliefs 
based either on the Fisher hypothesis or the 
Darby hypothesis. The Fisher hypothesis 
has tended to serve as a criterion for the 
validity of measures of anticipated infla- 
tion for those investigators who search for 
the measure which results in an estimate of 
di/dx close to unity. Some investigators like 
Fama have estimated values of di/da that 
are in fact close to unity and, we contend, 
have wrongly inferred independence of the 
real rate from anticipated inflation. In- 


18Based on data running from 1959-71, there were 
thirty such estimates deemed acceptable by Carr, 
Pesando, and Smith with ten others rejected due to 
some wrong or insignificant signs on estimated co- 
efficients. Since the authors admit to being unable to 
reconcile all the different estimates of di/dz, the rather 
crude expedient of characterizing their results by 
simply calculating a mean and standard deviation for 
all estimates obtained does not seem an inappropriate 
way to characterize the state of such estimates. Impli- 
cations for results of Carr, Pesando, and Smith arising 
from the openness of the Canadian economy from 
which data were drawn are considered in Makin. 
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vestigators like Carr, Pesando, and Smith, 
who have employed the Darby hypothesis 
as a basis for their prior beliefs about di/d7, 
have been misled to view their results as in- 
conclusive when in fact they are quite con- 
sistent with results predicted by a general 
equilibrium approach to the effects of 
changes in anticipated inflation. 

More generally, it is our view that, like 
the Philips curve, neither the Fisher hy- 
pothesis nor the Darby hypothesis repre- 
sents an isolated phenomenon, but rather 

„Should be viewed as a reduced-form rela- 
“tionship derivable from a set of structural 
equations which compose a_ reasonably 
comprehensive macro-economic model. 
Viewed in this way the results obtained by 
empirical investigations of both hypoth- 
eses are at once consistent with expecta- 
tions based upon theory and inconsistent 
with the notion that the real rate of interest, 
before or after taxes, is independent of the 
level of anticipated inflation. Insofar as 
instruments of monetary and fiscal policy 
have, under rational expectations, a direct 
effect on the rate of anticipated inflation, 
then the conclusion implied by our results 
also implies that real variables are directly 
affected by such instruments. 

Finally, our results suggest that the role 
played by income effects, as opposed to that 
played by real balance effects, in affecting 
the impact of anticipated inflation upon 
nominal interest may vary over time due 
to changes in the elasticity of money wages 
demanded with respect to prices. A shift in 
that parameter may help to explain the dis- 
covery by Lahiri, Gibson, and William 
Yohe and Denis Karnosky, of a break oc- 
curring about 1960 in the measured impact 
of anticipated inflation on nominal in- 
terest. More generally, these and other em- 
pirical investigators of the Fisher hypoth- 
esis, and recently, of the Darby hypothesis, 
may be obtaining a wide range of estimates 
of the impact of changes in anticipated in- 
flation upon nominal interest, not because 
of any wide variation in the adequacy of 
different proxies employed to measure an- 
ticipated inflation, but rather because of the 
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simple fact that they are attempting to mea- 
sure a coefficient which varies randomly 
over time. 


APPENDIX A: CONSTRAINING È yp WITH 
THE CORRESPONDENCE PRINCIPLE 


Here we explore the dynamic properties 
of the model given in (4) as a means to place 
some lower limit on values of 8 by employ- 
ing Samuelson’s Correspondence Principle. 
It will also be of interest to consider the be- 
havior of a system in which two markets 
(commodities and money) are assumed to 
adjust via price adjustments while a third 
(labor) is assumed to adjust via quantity 
adjustments. We have: 


(Al) dP/dt = K,[I(r*) — S(Y(N), M/P)| 
di/dt = K,[L(Y(N), i, P) — M] 
dN/dt = KPY'(N) - W(P,N)I 


The characteristic equation which deter- 
mines the solution of the above system of 
linear differential equations in the neighbor- 
hood of equilibrium is (letting K; = 1.0 
i= 1, 2, 3): 


(A2) 
Lom -A -i)e -1.0 
1.0 Zu -AÀ 10 |=0 
B 0 -1.0 
SA 


Local stability requires that the roots of 
(A2) be negative. Equation (A2) may be 
written out as a cubic equation: 


(A3) 


where 


aÀ? + aà? +a A +a =O 


a = 1 
a = (-25, — Zy + 1) > 0 


a= -Žu + Esmu — 1) 
= (1 = r)(i/r*)Zp + B20 
as8 2- 1.6 

a, = — |A] 2 OasB 2 -0.69 


The roots of equation (A3) will be negative 
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TABLE 2—-SENSITIVITY OF di/dx TO PARAMETER CHANGES 


7OL. 68 NO. 5 
Parameter Range B=1.0 
Esm = —0.1 to -0.3 0.889 to 
Zy= —0.2to —0.8 1.153 to 
Zie = —0.1 to -0.7 0.375 to 


fa, > 0; a, > 0; a; > 0; aja, — aya, > 0. 
A sufficient condition to satisfy all four con- 
ditions given the ball park parameters em- 
dloyed above (given + = 0.33 and i/r* = 
3.0) is 8 > —0.69 or È yp < 1.69. 

If the money market is assumed to adjust 
nstantaneously so that stock equilibrium 
ind flow equilibrium conditions are identi- 
val, the characteristic equation for the sys- 
em becomes a quadratic. equation which 
1as the same sufficient condition for nega- 
ive roots (stability) as the cubic equation. 


APPENDIX B: IMPACT OF CHANGES IN 
PARAMETER VALUES ON di/dx 


As already noted in footnote 6, the results 
»btained for di/dx, while not radically al- 
ered, will be affected by changes in param- 
ster values. Assuming parameters employed 
nthe text except as noted otherwise, range 
2stimates are given for di/dw in Table 2. 
The results suggest first, that lower esti- 
nates of di/dx obtained by Gibson are con- 
sistent with either a higher interest elasticity 
of money demand with respect to nominal 
interest or a lower elasticity of investment 
with respect to after-tax real interest. 
Second, adjustments of £,» and Z,; in the 
same direction would tend to offset each 
other. Third, the general impression ob- 
tained from Table 2 is one of relative sta- 
bility for estimated values of di/dx with 
sensitivity to changes in X,» being the 
sreatest. Finally, sensitivity of di/dx to 
changes in Z,, and Z, falls as the rate of 
anticipated inflation and 2 œp rise (8 falls). 
In view of the persistent actual and there- 
fore, anticipated inflation in most countries 
over recent years, the ranges associated 


Range of di/dx 
ij = 15 8=0 ifr* = 3.0 
0.827 1.411 to 1.262 
0.682 1.428 to 1.249 
1.050 1.00 to 1.400 


with 8 = 0 are probably more typical and 
of course will be likely to hold in the long 
run given constancy of real wages. 


APPENDIX C: IMPACT OF CAPITAL 
GAINS TAXES ON di/dr 


If 7 = 7, we obtain the result: 


uw di _ 
(5") dn 


1 
l-r Zull — sm) 





1-a O- Nie + D) 


Given parameters associated with 8 = 1.0 
(see text) and values of r = 0.5 and ry, = 
0.25, di/dx = 0.750. If B = 0, the com- 
parable value for di/dx becomes 1.285. As 
is obvious from (5’’) implied values of di/dx 
fall as the difference between 7 and 7, rises. 
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A Calculus Approach to the Theory 
of the Core of an Exchange Economy 


By LEIF JOHANSEN* 


The theory of the shrinking of the core of 
an exchange economy to the competitive 
equilibrium (or set of equilibria) when the 
number of participants increases is one of 
the most important and interesting contri- 
butions to general equilibrium theory in 
recent decades, and ought to become part 
of standard courses in economic theory. It 
is important to have an exposition of this 
idea which appears as a simple and natural 
extension of the tools of analysis familiar to 
most students of economics. The purpose of 
the present paper is to make an attempt at 
such an exposition along traditional calculus 
lines. The paper does not contain results 
which are new to specialists in the field. In 
the literature there are, of course, some ex- 
positions which point in the direction taken 
here, but I have not seen the approach 
spelled out in the way it is done in the 
sequel. (Some relevant references are given 
at the end of the paper.) 


I. Background and Perspectives 


Let me first state very briefly why I con- 
sider the result mentioned to be interesting 
and important. It is then necessary to em- 
shasize the difference between the meaning 
of the concepts of competitive equilibrium 
and core allocations. 

A competitive equilibrium presupposes 
the existence of a price system. Under this 
system individual agents act in isolation in 
the sense that each of them decides how 
nuch to supply and how much to demand 
of the various commodities on the basis of 
iis own preferences, without making con- 
scious and explicit arrangements with other 
agents. Each agent considers prices as given 


*Professor of economics, University of Oslo. I am 
zrateful to a referee for useful remarks and sugges- 
tions. 
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in an impersonal way, not subject to bar- 
gaining or manipulation through his own 
supply and demand. We have equilibrium if 
prices are such that supply and demand for 
all agents taken together are equal for each 
commodity. Provided that we have some- 
how established equilibrium prices in this 
sense, they solve a complicated multiagent 
problem by transforming it into a set of 
rather simple individual decision problems. 
(It is not necessary for our purpose to go 
into the problem of how the prices are es- 
tablished and the associated dynamic sta- 
bility problems.) 

A core allocation is defined by an entirely 
different approach. In this case we consider 
only a set of agents with initial holdings of 
commodities who may improve their posi- 
tions by reallocation, but we do not pre- 
suppose the existence of a price system. We 
start at a more basic level, assuming only 
that there are possibilities for the agents to 
communicate and make agreements to re- 
allocate commodities between them—by 
unilateral gifts, by bilateral exchange, or by 
some more complicated multilateral ex- 
change arrangement. The individuals are free 
to form “coalitions” for the purpose of im- 
proving the situation for members of the 
coalition. In our context a coalition is simply 
a group of agents who agree on a certain re- 
allocation of the initial quantities of goods 
held by its members. It should be observed 
that the initial quantities are individually 
owned, and ownership respected in the 
sense that nothing can be taken away from 
an agent without his consent, as part of a 
voluntary exchange or reallocation. We 
may now ask whether it is possible to pre- 
dict the outcome of the exchange or re- 
allocation process in such a system. The 
“core” gives an answer to this question. It 
is based on the following observation: Con- 
sider an outcome which is feasible in the 
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sense that the total amounts of commodities 
held after the exchange or reallocation are 
equal to the total initial amounts. This out- 
come implies a specific bundle of commodi- 
ties for each agent. If there is at least one 
group of agents such that these agents could 
improve their situations by redistributing 
their own initial holdings instead of agree- 
ing to the proposed outcome, then this out- 
come will not be realized. It will be 
“blocked” by the group or coalition men- 
tioned, that is, they will refuse to accept it, 
because there is another arrangement which 
they can realize without requiring the co- 
operation of other agents, and which is 
better for each of them. It is then natural to 
ask: Is there a feasible outcome, or a set of 
outcomes, which will not be blocked by any 
coalition that can be formed by some agents 
of the economy (including degenerate coali- 
tions consisting of single agents, and the 
grand coalition comprising all agents). If 
such an outcome, or set of outcomes exists, 
then this is the core. 

An outcome belonging to the core is 
stable in a very important sense, different 
from the usual dynamic stability concept. It 
is stable against attempts by individuals and 
coalitions to find something better, because 
no possible coalition can do better by re- 
fusing to accept the outcome, and instead 
manage on the basis of the initial holdings 
of the members of the coalition. 

We can now compare the allocation de- 
fined by the competitive equilibrium with 
core allocations. It is a simple matter to 
show, for exchange economies which we 
shall consider here, that the competitive 
equilibrium allocation belongs to the core. 
The result referred to above as the theory of 
the “shrinking of the core of an exchange 
economy to the competitive equilibrium (or 
set of equilibria) when the number of par- 
ticipants increases” is more striking and 
also more complicated to prove, and it is to 
this theme the present paper will be de- 
voted. This connection between competitive 
equilibria and the core may, in my opinion, 
give rise to rather far-reaching speculations 
about economic systems and institutions. 

The establishing of a core allocation by 
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means of tentative formations of coalitions 
of all sizes and compositions, and com- 
parisons of feasible outcomes for the various 
coalitions, will for an economy with more 
than a handful of agents represent a large 
effort in terms of communication and ne- 
gotiations. In comparison the mechanism of 
competitive equilibrium is strikingly simple, 
requiring only individual decisions (when 
correct prices are given). If an economy 
has, so to speak, invented the price mecha- 
nism, and competitive equilibrium prices 
have been established, then an enormous 
organizational problem is solved in an easy 
manner, and the solution is stable in the 
sense described above, that is, any group 
which might contemplate breaking out of 
the market system will in the end find that 
it cannot improve its situation by doing so. 
Furthermore, if the economy consists of a 
number of agents “approaching infinity,” 
then outcomes corresponding to the set of 
competitive equilibria are the only outcomes 
which satisfy this kind of stability require- 
ment. I think these considerations go a long 
way towards explaining why competitive 
market mechanisms have appeared in al- 
most all corners of the world and, under 
almost all conceivable circumstances, why 
they have proved to be so robust, why other 
arrangements tend to be less permanent, 
and why attempts to abolish the market 
mechanism have often failed in the sense 
that markets reappear unofficially parallel 
with the official nonmarket system. (These 
are, of course, sweeping statements which 
should not be taken too literally. They are 
meant only as suggestions of the perspec- 
tives opened up by a seemingly rather for- 
mal and esoteric theory.) 


Il. Strategy of Reasoning 


As already suggested, this paper will treat 
only exchange economies, although exten- 
sions to production economies are possible. 
The main idea is to get as far as we can by 
means of simple calculus tools of analysis. 
We must then assume more of “‘smooth- 
ness” than necessary in more advanced ex- 
positions and proofs. In fact, we shall 
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assume strictly convex preferences, repre- 
sentable by differentiable utility functions. 
The advantage gained by this is that we can 
exploit the possibility of approximating a 
utility function by its tangent in certain 
neighborhoods. 

The strategy of the reasoning is first to 
limit considerations to Pareto optimal points 
since both competitive equilibria and core 
allocations belong to the set of Pareto op- 
tima. (The last part of this statement is true 
because the coalition of all agents would 
block, in the sense indicated above, any 
allocation which is not Pareto optimal. 
This, by the way, points to a limitation of 
the core theory in the form considered here. 
Whenever we consider, as we often do in 
welfare theory, situations which are not 
Pareto optimal, then we must implicitly 
assume some sorts of difficulties which pre- 
vent the formation of coalitions, It is, how- 
ever, beyond the scove of this paper to 
pursue this idea.) Then we consider the 
various Pareto optimal allocations to see 
whether there are coalitions which would 
block them, and we shail find that, for any 
such allocation which does not belong to 
the set of competitive equilibria, we can 
construct such a coalition, that is, prove 
that the allocation does not belong to the 
core, provided that the number of agents is 
sufficiently large. (A certain regularity may 
be required concerning the way in which the 
number of agents is made large.) 


III. Description of the Economy and Notation 


I now introduce the notation necessary to 
describe the exchange economy to be con- 
sidered, Let there be Af perfectly divisible 
commodities indexed i = 1,..., M and G 
“types” of individuals, indexed j = 1,..., 
G. All individuals of the same type have the 
same initial quantities of the various com- 
modities and the same utility functions. The 
following notation is also introduced: 


N, = the number of individuals of type 
JU =1,...,G). 

X; = initial quantity of commodity i held 
by a person of type j Gi = 1,..., M; 
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je=1,...,@). 
x; = quantity of commodity i held by a 
person of type j after the exchange 
(i= 1,..., M; j= 1,..., G). I call 
these final quantities. 
U, = Uj(x1;,.-.,%mj) = utility function of 
an individual of type j (j = 1,..., G). 
Assumptions about the utility func- 
tions have already been mentioned in 
Section II above. 
ðU,/ðx; = marginal utility of com- 
modity i for an individual of type 
jJ@=1,..., M;j = 1,..., G). I as- 
sume u; > 0 for all i, j. 


uy 


The collection of all x,, will be called the 
initial allocation or initial point and sym- 
bolized by ¥. The collection of all x,,, sym- 
bolized by x, will be called the final alloca- 
tion or final point. shall, furthermore, use 
xž and x* to symbolize a Pareto optimal 
allocation. 

An allocation which is feasible for the 
economy as a whole must satisfy 


(1) Nixa + ... + NGxig = 
N, Xn + ....4 NGXic 


IV. Pareto Optimal Allocations and 
Competitive Equilibria 


As already pointed out it follows from 
the definition of the core that a point which 
is not Pareto optimal cannot belong to the 
core. Hence, we need only consider Pareto 
optimal points as candidates for belonging 
to the core. Furthermore we shall consider 
as candidates only Pareto optimal points 
where individuals of the same type receive 
the same amounts of the various goods. 
This implies some loss in generality, but 
hardly serious for our purpose. Indeed, if 
N,, N2,..., Ng have a greatest common 
divisor which is greater than one, then a 
very simple argument given by Jerry R. 
Green, which need not be repeated here, 
shows that core allocations have this “equal 
treatment property.” (Convexity of prefer- 
ences, as assumed above, is used in es- 
tablishing this result.) 

For our calculus approach it is assumed 
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that the optimizations defining Pareto 
optimal points yield interior solutions. 
Pareto optimal points with equal treatment 
as just described can then be characterized 
by the following conditions: 


uy; Un; 
e Rae e tee) 
1 M 


Pareto optimal allocations are allocations 
which satisfy these conditions in addition to 
the balances (1). 

The symbols g; in (2), one for each type 
1,..., G, are introduced for convenience as 
the common value of the proportions to the 
left. The factors of proportionality A,,..., 
Am in formula (2) can, of course, be inter- 
preted as prices, but they are used here only 
as coefficients to characterize a Pareto 
optimal allocation, not to describe any par- 
ticular institutional arrangement. Let x¥* de- 
note the quantities corresponding to some 
Pareto optimal allocation, that is, an allo- 
cation satisfying (1) and (2). 

I now introduce imputed wealth. For an 
individual of type j the imputed wealth in 
an arbitrary allocation x is defined by 


(3) Yj = AXi +... + AMX uj 
(j= 1,...,@) 


where the factors of proportionality are 
used from (2). For the initial allocation and 
for the Pareto optimal allocation we have, 
in particular, imputed wealth y, and y* re- 
spectively, defined by 


s (4) J= My + ... + Auuj 


(j = 1,...,G) 


(G = 1,...,@) 


For the Pareto optimal allocation con- 
sidered we do not necessarily have y* = 
Y;. If yf = ¥,, then x* represents a competi- 
tive equilibrium with prices A,,..., Ay, since 
the relations (2) then signify the adaptation 
of the various individuals to these prices 
and y* = J, represents the budget balance 
of an individual of type j. If y*¥ = y, for 
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some j, then we have a Pareto optimal point 
which is not a competitive equilibrium. It is 
well known that we may have more than 
one competitive equilibrium, that is, a set of 
equilibria. This does not matter for the fol- 
lowing arguments. 


V. The Blocking of Pareto Optimal Allocations 
which are not Competitive Equilibria 


I now raise the question as to whether a 
Pareto optimal point which is not neces- 
sarily a competitive equilibrium can be 
blocked by any coalition. Let a possible 
coalition consist of n,, 12,..., ng individuals 
of the various types. This coalition can, on 
the basis of its own initial quantities, reach 
any final point x which satisfies the balance 
relations 


(6) nixa +... + NGXig = 
MX +... + NgkXig 


..,M) 


The imputed wealth for individuals of type j 
in such a point is then given by (3). 

The question now is whether there exists 
any feasible final point x for the coalition 
which is considered by all members to be 
better than the given Pareto optimal point 
x*, It follows from what has been explained 
that, in order to show that x* does not be- 
long to the core, it is sufficient to construct 
one such coalition for which one such point 
exists. We then look for a simple way to do 
this, not for the most general characteriza- 
tion of the possibilities of blocking. If we 
tentatively limit attention to points x which 
are in the neighborhood of x*, then im- 
puted wealth can be used as a criterion to 
compare x and x*. Since we have, approxi- 
mately, 


(T) Oxy... Xj) — Ua, .. xh) | 
= Uy (Xy XT) +... + Unj 
(Xu; z xý) = [AXi = xf) 
+... + Aum — XE ley = OF — YP ey 
and since uz; > 0, we have for x in the neigh- | 
borhood of x*: 


(8) y;> yř = an individual of type j is 
better off in x than in x* 
VU = 1,...,G) 3 
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xy x} Xij 
Initial Pareto- Final 
point optimal point 
point 
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The question can now be posed as fol- 
lows: Can we make y, > yř hold for all j 
when the final point x is constrained by (6)? 
Introduce the following terms 


(9) Ax 


(10) Zy = xý — Xy 


= * 
j 5 Xy Xj 


that is, Ax; is the deviation between the 
final point and the Pareto optimal point we 
are testing for possible blocking, and z, is 
the deviation between the Pareto optimal 
point and the initial point, as suggested in 
Figure 1. 

We will now see if a change from x* to x 
which, for each type, changes the quantities 
proportionately with z,, will do for the pur- 
pose of blocking x*, that is, for producing a 
final point which all members of the coali- 
tion find superior to x*. We may think of 
this in the commodity space as drawing a 
straight line between the initial point x and 
the Pareto optimal point x*, and then mov- 
ing the final point for each group away 
from x* along this ray, either towards X or 
further away from x. Introduce the ratio 


(11) s) = Ax,/z,, 
(i =1,... M; j=1,...,6) 


If s; > 0, then individuals of type j are 
moved further away than x* from the 
initial point; if s, < 0, then they are moved 
some distance back towards ¥. (We may 
have z; > 0 or z; < 0. If, by coincidence, 
Z; = 0 for some i, then also Ax, = 0, and 
sj takes the value suitable for the changes 
in the quantities of the other commodities. 
If, for some j, we should happen to have 
Z; = 0 for all i, then s; is arbitrary. In the 
explanations which follow I shall, for brev- 
ity, neglect this special case.) 
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If such moves are feasible for the coali- 
tion considered, that is, satisfy (6), then we 
must have 


ni(Xn — Xj) +... + NGXig — Fig) = 0 
Gi = 1,...,M) 
which by use of (9)-(1 1) can be written as 
(12) ni(i + s)za 
+... + noll + Sg)zZig = 0 
(i = 1,...,M) 


According to (8) individuals of type j are 
better off at x than at x* if we have 


yim y7 = Aaj = x{) 
+... t Auu — x%,) > 0 


or, in view of (9) and (11), 
(13) y; — pF = (ÀZ + ... + AmZmy)s; > 0 


Using (4), (5), and (10), this can also be 
written as 


(14) y- YF = OF — Fs > 0 


This requirement determines the sign of s; 
for each type j. For members of the coali- 
tion belonging to each type j we must have 


(15) sj20 accordingas yf2j, 


This condition means that members of 
the coalition who have a larger imputed 
wealth at the Pareto optimal point con- 
sidered than at the initial point should be 
moved further away from ¥ through x*, 
whereas members with higher imputed 
wealth in the initial situation than in the 
Pareto optimal point considered should be 
moved somewhat back from x* towards x. 

I have not yet said anything about pos- 
sible members for whom y# = ¥,. This is a 
special case which will be disposed of later. 
For the moment it is assumed 


(16) J; ¥ yf forj = 1,...,G 


We have now considered feasibility and a 
criterion for positive gain by members of 
the coalition of the various types. The feasi- 
bility condition is dependent upon the num- 
ber of members of the coalition belonging 
to each type, i.e., on n,,...,4¢. The crucial 
question now is whether it is possible to 
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compose the coalition, that is, determine 
the numbers n;,..., ng, in such a way that 
the feasibility condition (12) is fulfilled, 
while at the same time the condition (15) 
for a gain by all members in comparison 
with x* is fulfilled. 

For studying this it is convenient to in- 
troduce the proportions v», which members 
of each type form in the total coalition, i.e., 


> 0) 


In terms of these proportions the feasibility 
requirement (12) can be written as 


(18) vi(l + Si)Za +... + vell + Se)Zig = 0 

(i= 1,...,M) 
Observe that this condition is fulfilled for 
(19) vi = N,/N,...,¥¢ = Ng/N 


S$; =... = Sg = 0 


where N,,...,Ng are the total number of 
individuals of each type, and N is the total 
number of individuals, i.e., N = N, +... + 
Ng. This follows from the fact that the 
Pareto optimal point x* must be feasible for 
the exchange economy as a whole, that is, 
we must have 


(20) N, xi + PP od Nox% = 
Nižnan +... + NeXig (i = 1,... 


which is the feasibility condition (1) applied 
to the Pareto optimal point considered. 

The statement just made simply means 
that a coalition with a composition propor- 
tional to the composition in the complete 
set of individuals can reach the Pareto 
optimal point under consideration on the 
basis of its own initial amounts. In order to 
construct a coalition which blocks the 
Pareto optimal point considered we shall 
try to find an allocation in the neighbor- 
hood of x* which all members of the coali- 
tion prefer to x*. We must then alter the 
composition of the coalition somewhat, but 
shall keep it approximately similar to the 
composition given by the first line of (19). 

Now, in order that all members of the 
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coalition gain by a move away from x*, we 
must make s,,...,5g different from zero 
according to the sign pattern determined by 
(15). In order not to do violence to the local 
nature of the criterion that we use, we let 
Sı» -- -Sg deviate only a little from zero. Let 
us for the moment treat v,,...,vg as free 
variables in the neighborhood of the values 
given by (19), restricted only by £v, = 1. 
(This is a crucial point to which I shall re- 
turn.) Then, for any given set of values for 
S,,..-,5g, Some positive and some negative 
according to (15), we can clearly satisfy all 
equations in (18) by simply setting 


N a N 
21 = 2 gE =e 
araea N TaN 


since (18) by this insertion reduces to (20), 
which is known to be fulfilled. Here œ is a 
parameter which is adjusted to that Zy,; = 1. 
By the procedure outlined above we have 
succeeded in constructing a coalition to- 
gether with a feasible final point for the 
coalition which is superior to the Pareto 
optimal point x* for all members of the 
coalition. By the definition of the core, we 
can accordingly conclude that x* does not 
belong to the core. The argument is, how- 
ever, not yet quite complete because of a 
couple of points which were temporarily 
put off in the development of the idea given 
above. Let us now return to these points. 





VI. Some Special Points Needed to 
Complete the Argument 


Let us first consider the assumption made 
by (16). If the Pareto optimal point con- 
sidered should be such that for some type, 
J, = yř, then individuals of this type cannot 
gain anything by being moved away from 
x* in any direction according to the con- 
struction used above. However, it may be 
necessary to include a suitable number of 
individuals of this type in the coalition in 
order to give it the desired composition. 
For these members we set s; = 0. We will 
then have v; = aN,/N according to (21). 
We now need these as members of the 
coalition, but they do not gain anything by 
it as compared with the Pareto optimal 
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point x*. However, since other members of 
the coalition, for whom J; ~ y*#, make a 
strictly positive gain, then a slight transfer 
so as to make these special members gain 
also could always be carried out if this is 
necessary for involving them in the coali- 
tion. 

As already mentioned before the case in 
which J; = y¥ for all j = 1,...,@ is the 
case in which x* is the special Pareto opti- 
mal point representing the competitive 
equilibrium, or one of these if the compet- 
itive equilibrium is not unique. In this case 
the procedure outlined above will not suc- 
ceed in constructing another feasible final 
point for a coalition which is superior to x* 
for all members of the coalition. This is as 
it should be. It is well known that the com- 
petitive equilibrium belongs to the core so 
that no coalition can be constructed which 
can block such a point. (The fact that the 
competitive equilibrium belongs to the core 
is proved by elementary methods in many 
expositions and will not be taken up for 
further consideration here.) 

In connection with the comparison be- 
tween y; and y}, the following point may be 
observed. Consider equation (14). The dif- 
ference y* — J; here decides the sign of sj. 
If we multiply these differences by the num- 
ber of individuals of each type and add over 
types we get 


G 
(22) 2 N7 7 y,) = 
s M G G 
Z A(X ARER eD 
i=l j= j= 


The last equality here follows from (1) 
which must hold for x*. Since all N, > O it 
follows from this that when some y* > ĵ;, 
then there must be at least one j for which 
the opposite inequality holds, and vice 
versa. Thus, if not all yf = j,, then there 
will be at least one j for which s; > 0, and 
at least one j for which s; < 0. 

The second point which must be taken up 
refers to the assumption temporarily made 
that we could consider »,,...,»g, i.e., the 
proportions of the representation of each 
type in the coalition considered, as free 
variables (restricted only by nonnegativity 
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and Zv; = 1). When N is a finite integer and 
also N,,...,Ng are integers, then we are in 
fact not entirely free in determining »,,..., 
vg. These variables are defined by (17), and 
nis... ng must also be integers and re- 
stricted by 0 < n; < N,. Suppose that we 
have tentatively determined s,,...,5g with 
correct signs and sufficiently small so as not 
to invalidate the application of our local 
criterion for gains. Then there may be no 
integers satisfying 0 S n, S N, which used 
in (17) produce the required v,,...,%@ ac- 
cording to (21). The natural idea then is to 
make some small adjustments in 5,,...,5¢ 
(without altering their signs) so as to make 
(21) hold good with values of »,,...,¥¢ 
which can be produced by (17) with per- 
missible integers for m,,..., ng- 

Now, this may be impossible if N,,...,Ng 
are small integers. However, if N,,...,N¢ 
are large, then we are much more free in 
choosing n,,...,%g, and it is easier to pro- 
duce proportions v,,...,¥g which satisfy 
the requirements needed for some suffi- 
ciently small s,,...,5g with correct signs. 
(According to what was said above in con- 
nection with (22), some of the types will be 
“overrepresented” in the coalition in the 
sense that v; > N,/N, and some types will 
be “underrepresented” in the sense that 
v; < N,/N. The factor œ used to secure 
Zv; = 1 will be near to unity when s,,...,5¢ 
are small.) 

If we increase N,,...,Ng beyond all 
limits, then we approach a situation in 
which the restriction that n,,...,7g have to 
be integers is no longer an effective restric- 
tion on the possibilities for choosing 
V,,..-;¥g. Then the construction of the 
coalitions as given above can be carried out 
for any Pareto optimal point x* which is 
not a competitive equilibrium, that is, for 
any x* for which at least one type (and then 
necessarily at least two) have y* = j,. This 
shows that when the number of individuals 
of all types increases beyond all limits, then 
only competitive equilibrium solutions re- 
main in the core, (In order to make the 
comparison between smaller and larger 
economies meaningful, it is easiest to think 
of the larger economy as one in which the 
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number of individuals of each type has been 
blown up proportionately. Then we may 
speak about “the same point” x* in the 
smaller and the larger economy, the only 
difference being in the absolute numbers of 
individuals enjoying the various com- 
modity bundies.) 


VII. A Final Remark 


The construction presented above can 
also be used to say something more intui- 
tive about the size of the core when the 
number of individuals is finite, and in gen- 
eral other (Pareto optimal) points besides 
the competitive equilibrium belong to the 
core. For instance, if the indifference sur- 
faces corresponding to the utility functions 
of individuals of the various types are very 
strongly curved, then there will be less free- 
dom in the choice of s,,...,5¢, while 
smaller curvature makes for wider ranges 
of permissible choices of s,,...,5¢. The less 
free we are in choosing s,,...,5g, the more 
difficult will it be to find permissible 
v,,...,¥q When we have a limited number 
of individuals of each type to select 
n,,...,Ng from. Thus, for an economy with 
a given number of individuals, the blocking 
procedure used here seems to be more 
powerful in excluding points from the core 
when there is a moderate curvature than 
when there is strong curvature in the in- 
difference surfaces in the neighborhood of 
the point tested. By similar reasoning one 
may also get the impression that it will nor- 
mally be easier to exclude points which are 
far away from the competitive equilibrium 
than points in its neighborhood. However, 
these suggestions are only hints about di- 
rections in which the arguments can be de- 
veloped. A complete analysis of the ques- 
tion as to which points belong to the core 
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and which ones do not, for a given number 
of individuals of each type, is a much more 
difficult task than the one tackled above. 
In order to show that a point does not 
belong to the core, it is sufficient to con- 
struct one particular coalition which is able 
to block the point in one particular way as 
we have done above. In order to show that 
a point belongs to the core, one must show 
that all possible coalitions with all their 
feasible reallocations fail to produce a point 
which is superior to the point considered 
for all members. Except for competitive 
equilibrium points, this is usually a com- 
plicated matter. 
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Inflation, Hedging, and the Demand for Money 


By C. F. J. BOONEKAMP* 


Casual observation reveals that the fu- 
ture rate of inflation is not known with cer- 
tainty. Money, consequently, has an un- 
certain command over future consumption. 
Explanations of the portfolio demand for 
money have traditionally assumed as have, 
indeed, most models of portfolio behavior, 
that the decision maker selects a portfolio 
so as to maximize the expected utility of 
terminal wealth which is, implicitly or 
otherwise, assumed to be defined in nomi- 
nal terms. Economic theory, however, 
postulates that real rather than nominal 
factors condition economic motivation. 
Theory would thus require that we be con- 
cerned with the expected utility of real 
wealth in the determination of portfolio de- 
cisions. If it is assumed that the price level 
is known with certainty, then clearly a one- 
to-one relationship exists between real and 
nominal wealth and it is then of no conse- 
quence whether the portfolio problem is set 
out in real or nominal terms. This ap- 
proach, in that it presupposes a zero vari- 
ance in the rate of inflation, assumes the 
absence of purchasing-power risk. Our cur- 
rent economic climate does not permit such 
an assumption. Failure to satisfy the zero 
variance assumption implies that the rela- 
tionship between real and nominal wealth is 
uncertain. Consequently we cannot assert 
that the only difference between the maxi- 
mization of attainable utility from real and 
nominal wealth is one of scaling. The pres- 
ence of purchasing-power risk might then 
be expected in general to influence the port- 
folio demand for money and, in fact, for all 
assets. 

In this paper I discuss the implications 


*University of British Columbia. I am grateful to 
G. C. Archibald, C. Azariadis, G. H. Borts, J. G. 
Cragg, R. Davidson, E. Diewert, J. Hanson, R. A. 
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Schworm for many helpful comments and suggestions. 
Any remaining errors are of course my responsibility. 
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of purchasing-power risk for the portfolio 
demand for money, in particular the conse- 
quences of price uncertainty for the alloca- 
tion of a household’s wealth between two 
monetary assets, one of which is money. It 
is demonstrated that the extent to which an 
asset protects against depreciation in the 
real value of a unit of nominal balances is 
of importance to the portfolio chosen. The 
portfolio demand for an asset is conse- 
quently a function not only of the well- 
known Tobin-Markowitz speculative mo- 
tive but also a hedging motive. This follows 
directly from the fact that, in general, there 
is no riskless asset and therefore no riskless 
portfolio in real terms. Nevertheless the 
hedging properties of an asset may serve to 
reduce the variability of future real wealth. 
The Tobin-Markowitz solution is then a 
special case of the solution derived when 
price uncertainty is explicitly considered. 
The analysis also provides a generalization 
of Kenneth Arrow’s conjecture that the 
wealth elasticity of demand for money is at 
least one if the index of relative risk aver- 
sion is an increasing function of initial 
wealth. 

The fact that money has an uncertain 
command over future consumption has 
only recently been formally incorporated 
in the literature.’ Fischer Black in an im- 
portant paper implicitly deals with price 
uncertainty by considering a capital-asset 
pricing model in the absence of a risk-free 
asset; he does not however identify a hedg- 
ing motive, nor does he relate price un- 
certainty to the portfolio demand for 
money. Richard Roll formally stated the 
problem; he derived first-order conditions 
for a solution but, as a result of the very 
general probability distributions over prices 
which he allows, he was not explicit about 


1Its possible significance has, however, been recog- 
nized for some time (see for example James Tobin 
1958, 1965). 
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the portfolio chosen. Nahum Biger con- 
ducts an empirical investigation of inflation 
assessment and portfolio selection; he is 
not, and for his purposes need not be, ex- 
plicit about the portfolio chosen. Stanley 
Fischer examined the demand for index 
bonds; within the context of a continuous- 
time model of consumption-saving and 
portfolio-allocation decisions, and under the 
assumption of small price risks, he partially 
characterized the portfolio chosen in terms 
of the first two moments of the real rates of 
return of the assets. Robert A. Jones ex- 
amined the link between the use of money 
as a medium of exchange and as a standard 
of deferred payment. As a first step in the 
analysis, using results from duality theory 
and under the assumption of small price 
risks, he established a general relationship 
between an individual’s consumption pre- 
ferences and a desired portfolio of claims 
to future consumption. I too shall assume 
that price risks are small, will use a simple 
result from duality theory, and will conse- 
quently be able to derive an explicit and 
potentially testable solution for the port- 
folio chosen, 

This paper is divided into four sections. 
Section I will state the objective of the 
household and the assumptions under 
which the analysis is pursued. Section II 
will be devoted to the determination of the 
real rates of return to the assets and to the 
riskiness of those rates of return. Section III 
will solve the portfolio-choice problem and 
discuss the implications of the result. Sec- 
tion IV presents the conclusions of the 
paper. A glossary of notation is presented 
in.Appendix A. An apparently anomalous 
result, that an increase in the expected op- 
portunity cost of holding money might lead 
to an increase in desired nominal balances, 
is discussed in Appendix B. 


I 


It is assumed that households derive 
utility only from consumption whence they 
are concerned with the real, rather than 
nominal, value of their wealth. Given 
wealth, the household selects a portfolio so 
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as to maximize the expected utility from the 
consumption of goods to be purchased with 
the portfolio in the future. Cast in a two- 
period framework the households portfolio 
budget constraint is* 


We = M + P3B 


where W° = nominal wealth at the end of 
the first period 
M = nominal balances 
B = bonds? 
P% = period-one price of a bond 


The constraint does not preclude “long” or 
“short” positions on either of the assets. 
The household is able to define a composite 
good, X.4 The utility function U = u(X) is 
assumed to be at least twice differentiable 
and concave throughout its domain. The 
period-one price of X is P{. The prices of X 
and B that will prevail in the next period are 
unknown to the household in the first pe- 
riod; the household has, however, subjec- 
tive beliefs about these prices which are 
characterized by the subjective means of pe- 
tiod-two prices:* 


P, = E(Py] 2 Py 
P, = E[P,] 2 P$ 


and the subjective covariance matrix of 
period-two prices: 


2The two-period model does introduce the fiction 
of a fixed investment period; the suggestion is, there- 
fore, that decision and transactions costs are of suf- 
ficient size to warrant a certain inertia in portfolio 
composition. This is not totally satisfactory for inas- 
much as these costs affect the level of expected wealth, 
and thus the index of relative risk aversion, they will 
influence the relative share of each asset in the port- 
folio. The length of the period may, however, be de- 
fined by the size of the costs and can consequently be 
made small if the costs are small relative to portfolio 
size; moreover, the two-period model facilitates em- 
phasis on the importance of uncertainty with respect 
to the price level. 

3A bond is to be regarded as a generic term for any 
financial asset other than money. 

4A composite good and the price index are well de- 
fined if the household has, as is assumed, homothetic 
preferences over goods, 

5P; includes the accrued interest, if any, due to the 
asset, 
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The dollar acts as the unit of account and 
its nominal price is always equal to one. 
It is assumed that price risks are small, by 
which is meant that period-two price levels 
will lie in some small neighborhood about 
their present levels with probability one. 

The household at the end of the first pe- 

riod allocates its wealth amongst dollars 
and bonds so as to.maximize the expected 
utility from the consumption of the com- 
posite good to be purchased with the port- 
folio at the end of the next period. Its ob- 
jective is, therefore, to 


(1) max E [u(X)] 
MX Py,Pp 
subject to: W° = M + P$B 
PX = M + PB 


where M + PB = W is the uncertain 
nominal value of the portfolio. It is clear 
that the dollar is a safe asset in nominal 
terms but owing to composite-good price 
uncertainty it is not a safe asset in real 
terms. Bonds are risky in both nominal and 
real terms. The household, explicitly con- 
cerned with the real value of its portfolio, 
is thus denied the recourse of a safe asset 
in selecting its portfolio. 

The problem, as stated in (1), represents 
a departure from traditional portfolio de- 
mand for money models. Were it assumed 
that future utility depended solely on the 
future nominal value cf the portfolio then 
we should have employed the Tobin-Mark- 
owitz model: a risk-averse household would 
allocate its wealth on the basis of the differ- 
ing expected nominal rates of return, and 
riskiness of return, to dollars and bonds. 
Dollars would be a safe asset. The present 
formulation, however, explicitly recognizes 
that future utility is dependent not on the 
level of nominal wealth available from the 
portfolio, but rather on the quantity of X 


6The household is precluded from buying X in the 
first period and then storing it for use in the second 
period. 
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which can actually be consumed; if there is 
then uncertainty about the future price of 
the composite good there is not a one-to- 
one relationship between future wealth and 
attainable utility. The household, in select- 
ing its portfolio, must then direct its atten- 
tion to the expected real rates of return and 
the riskiness of those rates of return. The 
impact of an uncertain rate of inflation on 
the expected yields to the assets proves to 
be a distinguishing feature between the 
Tobin-Markowitz analysis and that pre- 
sented here. It is to a discussion of these 
yields and their riskiness that I now turn. 


i 


Within the discrete framework adopted ` 
the second-period rate of inflation in the 
price of X of given by 
(2) AE sales 

P% 
where II, is a random variable, the (sub- 
jective) probability distribution of which is 
characterized by the expected rate of infla- 
tion 
Iy = E{Ily] 


and the variance: 





The real rate of return on a dollar is 


P? 
t= > - 
x 


1 


Le 
1 + Ily 


(3) l 


where ry is a random variable. Since the 
function 1/(1 + Hy) — 1 is, over the rele- 
vant range,’ a convex function of Il, by 
combining (3) with Jensen’s inequality it 
follows that 


7The first and second derivative of 1/(1 + Hy) - 1 
with respect to II y are respectively: -1/(1 + Hy)? < 0 
and 2/(1 + Iy)? > 0 iff Hy > —1. If Hy < ~l it 
implies that Py < 0, a prospect to which I assign zero 
probability. 
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(4) Bll = Fla H 
1 


ee ee AAEE 
-I+ Elly] 


That is, the expected real rate of return to a 
unit of nominal balances is, given a con- 
stant mean, greater when the rate of infla- 
tion is random than when the next period 
rate of inflation is known with certainty.’ 
Under the assumption of small price risks 
(4) is adequately approximated by a Mac- 
laurin series in which all terms beyond 
those associated with the second derivative 
are ignored. Thus 


(5) Elry] = E[-Hy + 0% —- ...] 

> -EjU + E(t}? — s.. 
After taking the expectation (5) yields 
(6) Elryl = Fu = -Üy + chy 

+ Ti} > -Uy + Ty 

The square of the expected rate of inflation 
appears on both sides of the inequality be- 
cause even when the future rate of inflation 
is known with certainty, — Hy is only a first- 
order approximation to the expected real 
rate of return. If, as has been assumed, Hy 
is small, Il? is safely ignored.’ Thus (6) may 
be rewritten as 


1 


(7) Elry] = Fy = -Üy + chx = -Uy 


and the expected real rate of return to hold- 
ing a dollar is 


(8) Elry) = Fy = -Ux + chy 


Equation (8) shows clearly that 7, is not, as 
it is often specified to be, the negative of the 


8The author and David Donaldson presented a 
rigorous explanation of this result. It has also been 
noted by Benjamin Eden and by Fischer. 

If the future rate of inflation is known with cer- 
tainty, i.e., if point anticipations are held, then 





Fy = Elry] = = 1 
Mm = Elrag] i fi, 
= —-Ty+?-113+Tf-... 
where iz and beyond are normally ignored; during 


periods of hyperinflation the ignored terms are, how- 
ever, of conceivable importance. 
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expected rate of inflation; that specification 
would be correct were there no uncertainty 
about the future rate of inflation, i.e., if 
oty = V{Iy] = 0. Equation (8) shows, 
too, that 7, increases with the variance, 
holding the mean constant, and decreases 
with mean, holding the variance constant. 
Had the Maclaurin series used to derive (8) 
been further expanded it would have shown 
that 7,, increases with the even moments 
and decreases with the odd moments. If it 
is thought that the range of II, is large it 
may be necessary to take account of these 
higher order moments. 

Using the same technique as employed in 
the determination of (8) yields, as the vari- 
ance of the real rate of return on a dollar, 


(9) Viru] = o%/(P%)? = ohx 


Following Tobin (1965), V[r,,] serves as a 
measure of the riskiness of holding a dollar. 

The distribution of the real rate of return 
on a dollar is therefore described as'® 


ry ~ (Üy + chy, chy) 


The real rate of return to holding a dollar’s 
worth of bonds is the additional amount of 
X that can be purchased in the next period 
compared to the amount of X that can now 
be purchased. Thus 


(10) PalPx _ 1 

P3/Px 
where rz is a random variable the distribu- 
tion of which is defined by the distributions 
of Py and P}. Expanding (10) in a Taylor 
series about P%, P% and taking expectations 
of both sides yields 


G1) Elrg] = Fs = UW, — Ty + oy /(P%)’ 
O xg 
yP 


In (11), Fs is the expected real rate of return 
to a dollar’s worth of bonds, I, is the ex- 


rz = 


1 


T T 2 
Hi, — Uy + ony ~ nxs 


10This result is akin to that of Fischer, with the dif- 
ference only that in Fischer’s case the variance, as a 
result of describing the price dynamics in a con- 
tinuous-time framework by an Ito process, goes to in- 
finity as the time horizon goes to infinity. 
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pected nominal yield on bonds,!! and 
Oys/P%PS = nyg is the covariance be- 
tween the rate of inflation in the price of X 
and the nominal yield on bonds. The co- 
variance term might be expected to enter 
(11) with a positive sign. Since the dollar is 
the medium of exchange, the chain of con- 
version from bonds to X runs through dol- 
lars whence F; is like the union of two non- 
mutually exclusive sets. The argument 
implies that the covariance—the intersec- 
tion of the two sets rz, ry—enters with a 
negative sign. 

Several interesting points emerge from 
(11). First, the expected real rate of return 
on bonds is equal to the expected nominal 
rate II,, minus the expected rate of inflation 
only in the absence of composite-good price 
uncertainty, i.e., if åy = 0, which implies, 
of course, that ony, is zero. Second if P, 
and Py are independent, such that the co- 
variance term is zero, then the expected net 
real return to holding bonds over money, 
Fg — Fy = Ilp, is simply the expected nom- 
inal rate of return to bonds; bonds are then 
neither a positive nor a negative hedge 
against deflation in the value of the dollar. 
The extent to which bonds are a hedge will, 
as shown in Section III, be of considerable 
concern to the household. Third, and this 
applies equally to Fy, even if the expected 
nominal rate is zero then, in the absence of 
price certainty, the expected real rate is not 
zero; this fact is of importance to portfolio 
determination. 

Using again the technique employed 
above yields for the variance of the real 
rate of return on bonds 


(12) Virs] = 0% /(P%)? + 03 /(P3)? 
2 
= T = ohy + shs — 2onxg 
xls 


where o?, is the variance of the nominal 
yield on bonds. Note that (12), like (11), 
reflects the fact the the dollar is the medium 
of exchange. Note too that the interdepen- 


‘Ni, = (Pg — P%)/P%, a random variable whose 
distribution is characterized by Tg = E[II,] the sub- 
jective mean of the yield, and o3/(P$)*, the subjective 
variance. 
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dence between the two price levels serves to 
influence the real risk of holding bonds, an 
intuitively tenable result. 

The distribution of the real rate of return 
to a dollar’s worth of bonds is therefore 
described as 


~ (TT F 2 
re ~ (Il, — Hy + dfx — onys, 


Cix + Che — 2Onxs) 
m 


In this section the household’s portfolio 
choice problem is solved and discussed. As 
shown in expression (1) the household is to 
maximize expected utility. In arriving at a 
portfolio decision the household must, in a 
dynamic programming fashion, take the 
second-period consumption decision into 
account. Formally, once Py and W have 
been revealed the consumption choice prob- 
lem is solved by 


(13) max L(X,A) = u(X) + A[W — XP,] 


where À is the Lagrangian multiplier. This 
yields, trivially, that 
X4 = g(W, Py) = 5- 


(14) r 


where X@ is the demand for good X. Given 
W and Py, (14) allows attainable utility 
in period two to be expressed as 


05) U = H(W, Py) = ulg(W, Py)] 


The household’s objective is therefore re- 
written as 


(16) 


subject to W° = M + PSB. 

The expectation of a Taylor series expan- 
sion of H(W, Py) about W°, P% leads to an 
adequate approximation of E[H(W, P,)]. 
Thus,!? 


wW 


max E [H(W,P,)] 
B,M Py,Pg 


12A second-order Taylor expansion is used and thus 
a mean-variance approximation to the expected utility 
hypothesis is adopted. Paul Samuelson has, for the 
case when the risks associated with the assets are 
smali, provided a formal justification for this approxi- 
mation technique. The assumption of small price risks 
places the analysis in this paper within the parameters 
of the justification. 
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(16') E[H(W, Py)] = H(W°’, Py) 
+ Hy(P, — P3)B + H,(Py — P$) 
+ 1/2H 04B? + 1/2H (Ps - P3)? B? 
+ 1/2Hy,0% + 1/2H»(Py — P%)? 
+ HyoygB + Hy(Py — P%)(P_ — P3)B 


where subscripts on H denote partial de- 
rivatives, such that for example H, is the 
partial derivative of H(W, Py) with respect 
to W, evaluated at (W°, PY). The manipula- 
tions (Py — P}) = (Py — Py) + (Py — P%) 
and (W — W°) = B(P, — Pg) + B(Pg— P$) 
have been used; the second manipulation 
implies the substitution of the portfolio 
budget constraint into the expansion of the 
utility function and, therefore, that only B 
remains as a choice variable. The first- and 
second-order conditions for the expected 
utility maximum yield 
an. EOI L HP,- Ps) 
+ Hyo5B + Hy (Ps — P3)’ B + Hnos 
+ Ha(Px — P&)(Ps - Pe) = 0 


n @EH(- 
Sue TERO L yeh 
+ Hy(P, - P3)? < 0 
` iff 1, <0 


If, therefore, the household is risk averse, 
H, < 0, the second-order condition for an 
interior maximum is satisfied. H,, = 0 im- 
plies risk neutrality and the possibility of a 
corner solution to the portfolio problem. 
From (17) the portfolio demand for bonds 
is 
-H,(Ps - P3) 

H {(Ps — P3) + oh} 

_ Ayloye + (Pa — P3)Px -— PX} 

H {(Ps — P3) + oh} 

By Roy’s Theorem” 
(18) H, = —H,X4 


In other words, the loss in attainable utility 
from a rise in the price of X equals the mar- 


(18) B* = 


13A discussion of the theorem is to be found in Er- 
win Diewert. 
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ginal utility of wealth multiplied by the de- 
mand for X. Consequently 


n = -H Xi- Hox! 
(18") Ay = -H X’ -— A, T 
R -LIK 
= -Huli ERA. Py 


where the derivatives and variables are 
evaluated at (W°, P|) and RRA = -H 
W°/H, is the Arrow-Pratt index of relative 
risk aversion (RRA). Substituting (18”) 
into (18), converting to portfolio shares and 
dropping those second-order terms which 
are negligible because of the assumption of 
small price risks yields 


1 II, Taxe () __i ) 
RRA oi, ĉe RRA 





(19) A* = 


14Equations (18') and (18”) can be used to derive the 
interesting result that a household may prefer un- 
certainty with respect to the price of X over the price 
stabilized at its present level. Proceed as follows: 
from (16’) ' 


1/2 Hy {oy + (Py — PY)*} 
enters E[H(W, Py)] with a positive sign. From (18°) 














aPy 
= -HX +H; ua 
x) 
which by (14) and (18”) 
1, W? W 
= Hy,[1- era pT tH TRET 
RRA (Py) (Py) 
= H,[1— RRA] a + i u 
(Py) (Py) 
= H,[2—- RRA] “> Oif RRA <2 
(Py) 


where, again, all derivatives and variables are evaluated 
at (W°, PY). Thus 


1/2 Hyto% + (Py — P%)*} > O for RRA <2. 


The conclusion is, therefore, that a household with a 
given level of nominal wealth W°, an RRA < 2, and 
homothetic preferences over goods such that ¥ and Py 
are defined will prefer consumption good price un- 
certainty over the price stabilized at PY. This is the 
essence of the “Waugh paradox” which conjectures 
that consumers may prefer price uncertainty over 
stabilized prices. Jones and Giora Hanoch have noted 
similar results-to the above. 
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where A* = B*P3/W?”, the household’s de- 
mand for bonds expressed as a fraction of 
its present wealth. Simple manipulation 
yields 


1 (sg — Fu) + TB 


19) A* = 
i RA che Che 


where, using (8) and (11), Fa — Fy = I, — 
Onyz, the net real yield on bonds, The term 
Onxe/Ohe Warrants inspection. Let the 
household be infinitely risk averse, 
RRA — œ, such that it selects the mini- 
mum variance portfolio or, alternatively 
stated, such that it selects a portfolio so as 
to maximize the minimum level of attainable 
utility in the next periad; it will then choose 


; o 
A** = lim A* = 2 
RRA -> œ che 


In combination with the portfolio budget 
constraint (19) yields the household’s de- 
mand for money. 


M* _, _ BtPs 
we we 


At this point it is useful to solve the 
household’s choice problem under the 
traditional assumption of consumption- 
good price certainty. This step facilitates 
comparison of the above result to that de- 
rived using the Tobin-Markowitz model. 
The assumption of certainty with respect to 
the future rate of inflation allows the house- 
hold’s objective to be rewritten as 


(20) max E [V(W)) 


a9”) = 1-A* 


subject to W° = M + P3B 


where V(W) = H(W, Py). 
The methods used above yield 
(20) E[V(W)] = V(W*) + 
+ Vy(Ps -x 2)B + 1/2Vywo3 B? 
+ 1/2 Vw(P2 = P3)*B? 
Maximizing (20’) with respect to B, con- 
verting to portfolio shares and recognizing 


—W°Vuyw/Vw as the index of relative risk 
_ aversion yields 
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(20") Neate 


where N* = B*P%/W°, a household’s de- 
mand for bonds under the assumption of 
certainty about the future rate of inflation. 
Using the portfolio budget constraint yields 
the demand for money: 


M* 
we 


= 1 — N* 





(20” ) 


The parameters II, and o32,, are, respec- 
tively, the nominal expected return and risk 
of return to bonds; they are the parameters 
of concern to a risk-averse household seek- 
ing only to maximize the expected utility 
from nominal wealth. The demand for 
money so derived is, therefore, designated 
as the speculative demand for money. 

An examination of (19) shows that the 
portfolio demand for bonds derived under 
the assumption of an uncertain rate of in- 
flation differs from the speculative demand 
by the term 





onxe Ge l 


Ee EU De 
chs RRA 2 


l 
RRA 


A strictly positive correlation coefficient p 
indicates that the random variable Hy and 
Il; move in the same direction, and vice 
versa if p is negative. The covariance term is 
thus an indication of the extent to which 
bonds are a hedge against depreciation in 
the value of the dollar. The whole term 
above represents the contribution of the 
hedging properties of bonds to a house- 
hold’s demand for bonds. The term is there- 
fore designated as the hedging effect. 

A household whose utility is defined on 
goods has thus two distinct and not neces- 
sarily compatible motives for holding 
nominally risky assets. Traditional analysis, 


15Equation (20”) is akin to the classic Tobin (1958) 
result. Had the second-order terms which are . 
negligible because of the assumption of small price 
risks not been dropped (20”) would read as 


1 Uy 


N* = -= 
RRA oi, +i} 





which is Tobin’s result. 
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concerned only with nominal yields and 
risks, misses the plausible hedging motive 
for the inclusion of an asset in a portfolio. 
A simple example Highlights the point. As- 
sume that Il, = 0 but that oj, > 0. Dollars 
and bonds are then both expected to yield a 
zero nominal return. Because bonds unlike 
dollars are a risky asset in nominal terms 
the traditional analysis would find no mo- 
tive for portfolio diversification. The above 
analysis, because of the hedging effect, sug- 
gests the contrary. The result pertains be- 
cause, whereas the selection of a low risk 
portfolio in nominal terms when the price 
of X is fixed—or known with certainty— 
corresponds to choosing low variability in 
future attainable utility, the selection of a 
low risk portfolio in nominal terms when 
the price of X is random corresponds to 
choosing higher variability in future at- 
tainable utility. The hedging properties of 
bonds can serve to reduce the latter vari- 
ability and thus give rise to diversification. 

An examination of (19) shows that there 
are only three circumstances under which 
the demand for bonds—and, hence, for 
money—may be safely represented by the 
speculative motive alone. The first case is 
when the future price level is known with 
certainty; cny then is zero and the solution 
reduces to the Tobin-Markowitz portfolio. 
The latter portfolio is thus a special case of 
the solution derived when price uncertainty 
is explicitly considered. The second case is 
when p = 0; bonds are then not viewed as a 
hedge against inflation and the hedging ef- 
fect consequently reduces to zero. The 
third, and interesting case, is that when the 
index of relative risk aversion is equal to 
one; the household then seemingly ignores 
the hedging effect and selects the portfolio 
dictated by the conventional analysis. The 
explanation for this phenomenon is to be 
found in the fact that for an RRA = 1 the 
indirect utility function is logarithmic in 
nominal wealth and prices, i.e., 

lim H(W, Py) = In W — In Py 
RRA —1 

Thus, although attainable utility does de- 
pend on Py, marginal utility from addi- 
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tional wealth does not. The household, con- 
sequently, maximizes expected utility by 
selecting a portfolio as if the price of X were 
fixed, and therefore it chooses the conven- 
tional case portfolio. 

The properties of the portfolio demand 
for bonds—and, hence, of the portfolio de- 
mand for money—are readily derived. It 
is convenient for that purpose to rewrite 
(19) as 





Ponx ( __!l 
RRA oi, Sng RRA 
An obviously important variable in equa- 
tion (21) is p; 1 therefore examine the prop- 
erties of (21) for the three separate ranges 
of values, p = 0, p > 0, p < 0, that the 
correlation coefficient can take on. 


Case A, p = 0: Under these circumstances, 
because bonds are not viewed as an effec- 
tive hedge against inflation, the household’s 
demand for bonds is represented by the 
speculative motive alone. The properties of 
(21) are then 











aa* 1 1 

(a) all, RRA oi, 

gA* 1 II, 
Be oe ee < 
O. ara RRA. GLY 

0A* 1 Ul, 
c) — =- =< 
(©) IRRA) ` (RRA)? oh, 





(a) dA* __dA*__d(RRA) > 5 
awe RRA) dwe < 
where RRA) go 
aw? 


Notice that if the RRA is constant then 
the wealth elasticity of demand for bonds 
(and money) is unity; if, however, the RRA 
is an increasing function of initial wealth 
then the wealth elasticity of demand for 
money is at least one. Arrow showed that 
“it follows from the hypothesis of increas- 
ing relative risk aversion that the wealth 
elasticity of demand for cash is at least 
one” (p. 44). His result was derived within 
the framework of a portfolio choice model 
between a risky asset and a secure asset, 
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cash. The result thus generalizes Arrow’s 
result to the case of two unsafe assets and 
p = 0. The remainder of the above prop- 
erties are well established in the portfolio 
literature and need no further elaboration. 


Case B, p < 0: In this case bonds are a 
negative hedge against depreciation in the 
value of the dollar. Since the speculative 
motive is additive to the hedging effect the 
analysis is restricted to the hedging de- 
mand, where the latter is expressed as 


i x _ P%x7, _ d 

GD: -Ape Ea 

It is immediately obvious that A} disap- 
pears if the RRA = 1. The reason for this 
was discussed earlier and is not repeated. 
Note that if the household is linear in risk, 
RRA = 0, then A, given p < 0, is in- 
finite and the household consequently 
adopts an infinitely “short” position on 
money: it does so because it ignores risk 
and opts exclusively for the asset, bonds, 
expected to yield the highest rate of return. 
If, on the other hand, the household is in- 
finitely risk averse, RRA —> œ, the hedging 
effect reduces to pony/ong, the speculative 
motive reduces to zero and the household 
adopts a “long” position on money despite 
the fact, as reference to (8) and (11) shows, 
that the expected net real yield to bonds is 
positive. The economic explanation is that 
the household is prepared to pay a large 
premium to insure a basic minimum level of 
utility in the next period. 

In general, if p < 0, for Ağ to yield a 
positive contribution to the speculative de- 
mand for bonds it is necessary that the RRA 
be less than 1, that is, that the household be 
less risk averse than with a logarithmic 
utility function. The properties of the hedg- 
ing effect under these circumstances are 


OA} 
(a) rp 
ony 





>0 


0<RRA<1,p<0 





Thus, as dollars become riskier in real 
terms, there is a move into bonds. 


(b) oA 


> 0 
dlp | 


O0<RRA<1,6<0 
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where |p| is the absolute value of p. This 
result derives from the fact (shown in Sec- 
tion ID that as p decreases both 7, and 
Vir,] increase; for an RRA < 1, the in- 
crease in Fg is sufficient to compensate for 
the increase in V[r,;]. This is discussed 
further in Appendix B. 


3A% 
Ong 


<0 


0<RRA<1i,p<0 


(c) 





The sign on the speculative motive is the 
same; thus, as bonds become a riskier asset, 
there is a move into dollars. 


3A% 


a(RRA) sf 





(d) 





0<RRA<1,p<0 


Thus, as the household becomes more risk 
averse it moves out of the nominally risky 
asset, bonds, and into the nominally safe 
asset, dollars. 


aAt 
awe 


ðAğ d(RRA) < 


(©) = IRRA) dW > 





O<RRA<1,p<0 


where d(RRA)/dW° $0. If, therefore, the 
RRA is an increasing function of W° pro- 
portionately more of an increase in the 
“initial endowment” is devoted to the nom- 
inally safe asset, money, then to the nom- 
inally risky asset, bonds. This property, in 
fact, relies only on the RRA being positive. 
Thus, again, if the RRA is an increasing 
function of W°, the wealth elasticity of 
demand for money is at least one; this gen- 
eralizes Arrow’s result to the case of two 
unsafe assets and p < 0. 

If, when p < 0, the RRA is greater than 
one, the contribution of the hedging effect 
to the demand for bonds is negative (and, 
hence, a positive contribution to the de- 
mand for money); the properties (a), (b) 
and (c), above, change sign whereas (d) and 
(e) remain of the same sign. Notice, how- 
ever, that, under these circumstances, there 
is some ambiguity with respect to the over- 
all effect on the demand for bonds as a re- 
sult of a change in the riskiness of the nomi- 
nal yield on bonds. A change in og, causes 
the speculative demand to decrease but the 
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hedging demand increases: 


— PFnx(y -l i 
ux (1 pop < of 


ons R 
1 Haonga _ pony (i - 1 
RRA (ohg? oh, RRA 


AS Cug is, as reference to (8) and (11) will 
show, an argument in the expected op- 
portunity of holding cash, the result in- 
dicates that an increase in that opportunity 
cost might lead to increased holdings of 
cash. Appendix B will explain this result. 


Case C, p > 0: In this case, bonds are a 
positive hedge against depreciation in the 
value of the dollar. The properties of the 
hedging effect are symmetrical to those pre- 
sented for p < 0; I look, however, very 
briefly at the case when the RRA is greater 
than one. 














* 
(a) odi > 0 
donx 1<RRA<@,p>0 
* 
(b) GAR >0 
alol 1<RRA<2,p>0 
* 
(c) Jan <0 
dong 1<RRA<,p>0 





The above properties are intuitively plausible 
and need no further explanation. Additional 
properties are 


aAt 
(3) a(RRA) 


Thus, if bonds are a positive hedge against 
inflation, the hedging demand for bonds in- 
creases as the household becomes more risk 
averse; however, the speculative demand 
decreases with an increase in the RRA. The 
overall effect on the demand for bonds is 
negative if Il, > oyyg,. This latter condition 
is readily shown to be necessary for port- 
folio diversification to be efficient.'® The re- 


>0 


1<RRA<~,p>0 





16Because the analysis has used a mean-variance ap- 
proximation to the expected utility hypothesis the need 
for such a condition is apparent. It is derived as 


DECEMBER 1978 


sult thus indicates that at the margin the 
positive risk premium associated with hold- 
ing bonds is not sufficient to compensate for 
an increased aversion to risk and that con- 
sequently the household substitutes out of 
bonds into money. 


* 
E AS 
aw? 1<RRA<w,p>0 


_ A} ARRA) >o 
- @(RRA) dwe © 


where d(RRA)/dW° ZO. As, in (d) above, 
the partial derivatives of the speculative and 
hedging demands are of opposite sign; again 
as in (d) above, if d(RRA)/dW® > 0, the 
overall effect on the household’s demand 
for bonds is negative if If, > nyg. This re- 
sult relies only on the RRA being positive. 
Thus, if diversification is efficient, the wealth 
elasticity of the demand is at least one if the 
RRA is an increasing function of W°. Ar- 
row’s result is therefore general to the two 
unsafe asset case. 

The hedging effect contributes negatively, 
when p > 0, to the speculative demand if 
the RRA is less than one; the properties (a), 
(b), and (c) above change sign, whereas (d) 
and (e) remain of the same sign. Again as 
for the case p < Oand RRA > |, there is an 


follows: the expected value of the portfolio is, under 
the assumption that W° = PY = 1, 


(a) a= E[W/P) = Ell +ry+ Alre- ru) 


where A is the percentage of the portfolio in bonds. 
The variance, as shown in Appendix B, is 


(b) a? = VIW/P] = Ache + ony ~ 2donxs 
Minimization of (ii) subject to E[W/P] = jt, a para- 
metric value, yields the efficiently locus, the slope of 
which, do*/dp, evaluated at E[W/P)] = F, is positive as 
required if 
a—1l—oyy+ ly’ 
(c) B = onyx x, Saxe 
Ms- onys) che 

Substituting A*, as derived in the text, for A in (a) and 
substituting the result for # in (c) yields that, for posi- 
tive RRA, 

do? 


>0 if Tig — opyg> 0 
du |424" 
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ambiguity for the overall effect on the de- 
mand for bonds as a result of a change in 
On; the overall effect is negative, as in the 
previous case, when 


1 I,2ons = RORK (1 _ ) 


RRA (ons) 4 The RRA 





IV 


This paper has derived asset demand 
functions for a household concerned with 
protecting the real value of its wealth. It has 
shown that if the rate of inflation is uncer- 
tain that the decision maker will generally 
consider the hedging properties of an asset 
when determining portfolio composition. In 
particular it has shown that the portfolio 
demand for money need not rely on the 
speculative motive alone and that, indeed, 
even if the speculative motive were to re- 
duce to zero the hedging motive might yield 
a positive holding of money balances. The 
analysis does not, nor can it, explain the 
transactions demand for money. The rele- 
vance of the analysis lies in the fact that it 
highlights the hedging effect and shows it, 
within an essentially simple, but not sim- 
plistic, framework, to be of some impor- 
tance. 


“e 


APPENDIX A: NOTATION 


we nominal wealth at the 
end of the first period 
M nominal balances 
B bonds 
A period-one price of a 
bond 
X composite good 
% period-one price of the 


composite good 


U = u(X) the direct utility func- 
tion 

Py = E[Py] meen of the random 

E variable Py 

Ps = E[Pal mean of the random 
variable P 

ot variance of Py 

c$ variance of P, 
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covariance between Py 
and P} 

uncertain nominal value 
of the portfolio 

mean of the random 
variable II y, the rate of 
inflation 

the variance of IL, 
mean of the random 
variable rą, the real rate 
of return on a unit of 
nominal balances 

mean of the random 
variable rg, the real rate 
of return on a dollars 
worth of bonds 

mean of the random 
variable II,, the nomi- 
nal yield on bonds 

the variance of II, 

the covariance between 
Ily and Il, 

the demand for X 

the indirect utility func- 
tion 

the partial derivative of 
the H function with re- 
spect to the ith argu- 
ment. 

the portfolio demand 
for bonds 

index of relative risk 
aversion 

demand for bonds as a 


fraction of present 
wealth 

the portfolio demand 
for money 


demand for bonds un- 
der the assumption of 
certainty about the fu- 
ture rate of inflation 
correlation coefficient 
between II, and I, 
standard deviation of 
Iy 
standard deviation of 
Hs 

hedging demand for 
bonds 

net expected return to a 
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unit of nominal balances 
when Il, = 0 

$ the risk premium 

g? the variance of the port- 
folio 

A proportion of the port- 
folio held in bonds 


APPENDIX B:!? THE INTERRELATIONSHIP 
BETWEEN RETURNS, RISK, AND THE 
INDEX OF RISK AVERSION 


It is useful, for the purpose of this Ap- 
pendix, to rewrite the demand for bonds 
equation as 


or, or, RRA 
= Hs _ Gs — Fu) 22 l ) 
oh, ohn RRA 


where II,/o%, is the household’s demand 
for bonds if the RRA = 1. Assume (i) p < 0 
such that (7, — Fu) is, by (8) and (11) of the 
text, unambiguously positive and (ii) that 
the RRA > 1. The second term on the right- 
hand side of (A1) thus adds negatively to 
A*, If, under these circumstances, p de- 
creases such that (7, — Fy), the expected op- 
portunity cost of holding money, increases 
the household’s reaction is to demand less 
bonds. It is the purpose of this Appendix to 
clear up that apparent anomaly—and 
others like it, which are readily derived. 

The household’s demand for bonds fol- 
lows, as differentiation readily shows, ex- 
pected behavior with respect to changes in 
Il,. The anomaly thus results from the co- 
variance term and the associated hedging 
effect. The analysis, therefore, is pursued 
under the assumption that II, = 0. This 
yields 





l 
(A2) A* = -2 (1 - —_) 
chp RRA 
_ Fu= Fo) _ 1) 
vie RRA 


17] am indebted to Russell Davidson for noting and 
correcting errors in an earlier version of this Appendix: 
his intervention resulted in the present form of the Ap- 
pendix. 
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where (Fy — 75) is the net expected return 
to a unit of nominal balances when II, = 0. 
Now, when p > O and the RRA > 1 an in- 
crease in (Fy — Fg) will cause A* to increase, 
a similar anomaly to the above, and the one 
that will be analyzed. All the other anomalies 
are.variants of the above and are explained 
by the same rationale as given below. 

Notice, first, that in the above circum- 
stances the net real return to money, (Fu — 
F,) is positive and that money is a riskier 
asset than bonds. It will be shown that the 
anomaly arises, for an individual whose 
RRA is greater than one, because an in- 
crease in (7), — F) is accompanied by an 
unacceptably large increase in the riskiness 
of money. To make this precise I employ 
the Arrow-Pratt interpretation of the RRA. 
In this interpretation the RRA is measured 
in the neighborhood of some certain pros- 
pect. Since, within the content of the prob- 
lem under discussion, the only certain com- 
modity could be X (which, as previously 
noted, the individual is not permitted to 
hold) one unit of X is chosen as the certain 
prospect. Then the RRA is twice the risk 
premium ¢, per unit of variance o*, (both 
@ and ø? measured in units of X) which 
must be offered with a risky portfolio and 
the certain prospect. Thus for such a risky 
portfolio. 


(A3) @ = 1/2 RRA o? 


If, as is assumed, the RRA is locally constant 
then for a small change in the individual’s 
portfolio he is left indifferent or is made 
better off according as 


(A4) dọ = 1/2 RRA do? 
or 
(A5) dọ > 1/2 RRA do? 


For simplicity of argument assume that 
Pg= P= W°=1 
Il, = Iy = 0 


It is perhaps worth noting that had the in- 
dividual been allowed to hold X then, from 
the above, 1 unit of X would be his certain 
prospect. 

Let that proportion of the portfolio held 
in bonds be denoted by 4. Then from equa- 
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tions (8) and (11), in the text, the expected 
real rate of return to the portfolio is 

(A6) $ = thy — Aponxons 

The variance is computed as follows 


(A7) o? 





w 1-A AP, 

var (57) — var ( P; +3.) 
1+All, 

ea rr 

var (1 + AIl; — Ily) 


(for sufficiently concentrated dis- 
tributions of II y and II,) 


_ 42-2 2 
= A’ots + Shy — 2Aponyons 


A small move into bonds, dA, will conse- 
quently produce the following change in ¢ 
and g? 


‘A8) do = of dA = —ponyonp dA 
2 
(A9) do? = So dA = 


(2A The — 2poyyOn,)dA 


It follows from (A7) that this move bene- 
fits the individual iff 


(A10) ponyons < 1/2 RRA 
À *(Qponyon, — 2A che) 


From (8) and (11), in the text, the left-hand 
side of (A10) is the net expected real return 
:o one dollar; the bracketed expression on 
the right-hand side of (A10) is the increase 
in the variance from holding an extra dollar, 
chat is, the marginal riskiness of moving out 
of bonds into money. There are three ways 
that (Fy — Fp) can increase, viz., via p, ony, 
Tyg: the case of p is examined: the rest are 
analogous. 

Imagine that the individual has selected 
his optimal portfolio fer some value of p, 
Tnx» Cng, 1.€., his chosen proportion of 
bonds, A*, equates the two sides of (A10). 
Now let p increase by an amount dp. Then 
the increase in (Fu — Fz) iS OpyOyngdp and 
the increase in the marginal riskiness of 
moving is 2oyyon,dp. If the individual 
does not move from A* inequality (A10) 
holds iff the RRA is greater than one. A 
move into bonds would thus benefit him: 
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the risk premium foregone in the move is 
more than compensated by the decrease in 
risk. 
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The Effect of Unemployment Insurance on 
Temporary Layoff Unemployment 


By MARTIN FELDSTEIN* 


Economists are now beginning to recog- 
nize that an understanding of temporary 
layoffs is crucial for a proper analysis of un- 
employment. In manufacturing, about 75 
percent of those who are laid off return to 
their original employers. More generally, 
among all persons classified as ‘“unem- 
ployed job losers,” temporary layoffs ac- 
count for about 50 percent of all unemploy- 
ment spells. Temporary layoffs are an even 
larger fraction of cyclical changes in the 
number of job losers. While this group in- 
cludes some seasonally unemployed, most 
temporary layoffs are induced by short ran- 
dom or cyclical fluctuations in demand. 
The conventional model of search unem- 
ployment is inappropriate for those on 
temporary layoff and the modern theory of 
the Phillips curve requires substantial modi- 
fication because of the size and cyclical 
variation of temporary layoff unemploy- 
ment.! 


*Professor of economics, Harvard University. I am 
grateful to the National Science Foundation for 
support of this research, to David Ellwood and 
Joseph Kahan for assistance with the statistical calcu- 
lations, and to Richard Freeman, Zvi Griliches, 
Daniel Hamermesh, James Medoff, Melvin Reder, and 
Jeffrey Sachs for discussions and comments. Earlier 
versions of this paper were presented at seminars at 
Chicago, Harvard, and Yale universities. 


lIn my 1975 paper, pp. 737-42, I discuss the im- > 


plications of temporary layoffs for the theory of search 
unemployment, the Phillips curve, and wage inflexi- 
bility. Although the standard criterion of unemploy- 
ment is active job seeking within the past four weeks, 
individuals are officially classified as unemployed 
without any inquiry about recent job-seeking activity 
if they state that they are “on layoff awaiting recall by 
their employers.” Some of those on layoff look for 
temporary jobs or alternative permanent employment, 
but the vast majority do return to their original em- 
ployers. Readers should not be confused by the two 
quite separate meanings of the term “layoff” in the 
Department of Labor’s lexicon. In manufacturing 
establishment data, a layoff is a separation initiated 
by the employer (not a quit) and may be permanent or 
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In a previous paper (1976), I showed 
analytically that our current system of un- 
employment insurance (UJ) provides a sub- 
stantial incentive for increased temporary 
layoff unemployment.? The present paper 
provides micro-economic evidence that Uj 
actually has such a powerful effect. The 
estimates imply that the incentive providec 
by the current average level of UJ benefits is 
responsible for approximately one-half oj 
temporary layoff unemployment. 

It is important to note that the curren! 
study shows that UI increases the amount o! 
temporary layoff unemployment, but does 
not deal with the mean duration per spell 
This distinction deserves emphasis because 
nearly all previous empirical work focusec 
on the potential effect of UJ on duration. 
This focus on duration is both unfortunate 
and surprising since UJ can actually increase 
total unemployment while decreasing the 
mean duration per spell. While UJ increases 
the duration of any given spell of unemploy. 
ment, it may also induce more very shor' 
spells of unemployment. This possibility o: 
reduced mean duration is clear in my 197¢ 
theoretical analysis. An additional practica 





temporary. In the Current Population Survey (CPS) 
an individual is on layoff if he is not working but “ha: 
a job” to which he is expecting to be recalled by hi: 
employer. To emphasize that I am dealing with thos: 
layoffs expected to terminate in recall, I use the ad 
jective “temporary.” Unfortunately, the CPS uses th 
word temporary in a different and quite confusin; 
way: persons on layoff are divided into an “indefinit: 
duration” group (in which the individual does no 
have an expected date of recall within thirty days) anı 
a “temporary” group (when such a date is known) 
When it is useful to distinguish these groups, I use th: 
terms “indefinite duration” and “fixed duration”; in 
my usage, the term temporary layoff includes boti 
groups. 

2My 1976 paper is really an explicit proof of argu 
ments made more informally in my earlier study fo 
the Joint Economic Committee (1973). For a simila 
development, see Martin Baily. 
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matter reinforces this tendency. In the ab- 
sence of UI, firms might be reluctant to lay 
off workers for short periods in response to 
andom demand fluctuations, for fear of 
osing these workers to other firms, or at 
east of creating costly ill will; UJ eliminates 
hese problems and facilitates short-dura- 
ion layoffs. In contrast, firms might have 
o choice but to lay off employees for long 
pells during the less frequent, but more 
rotracted, spells of low demand. Unem- 
loyment insurance thus increases the num- 
er of spells of temporary layoff unemploy- 
nent with a relatively greater increase for 
hort spells. Since the duration should in- 
rease for any given spell, while the mix 
hould change to add short spells that 
vould otherwise not exist, the net effect of 
JI on duration is indeterminate. The exist- 
ng estimates of the effect of UJ on the mean 
uration of unemployment spells should 
herefore be regarded as an understate- 
1ent—and, possibly, an extreme under- 
tatement—of the effect of UJ on total un- 
mployment.? 

Although the presence of a labor union is 
ot necessary to obtain the effects on tem- 
iorary layoffs indicated by the theoretical 
nalysis of UI, these predicted effects are 
ikely to be magnified if the employees are 
nionized.4 The basic reason is that em- 
loyers are more willing to lay off workers 
rhen they ‘are confident that they will re- 
urn when recalled, while employees are 
yore willing to be laid off if they can be 
onfident that they will be recalled. Both 
onditions are more likely to be met in 
nionized firms where workers often receive 
ompensation that exceeds their market al- 


3This criticism applies more generally to those (like 
tephen Marston) who measure the effect of UI on the 
verage duration of all types of unemployment. Since 
Tis expected to induce additional temporary layoffs 
id the mean duration of temporary layoff unemploy- 
ent spells is substantially less than that of other types 
f unemployment (see the author, 1975), UI may 
stually reduce the overall mean duration while in- 
‘easing both total unemployment and the duration of 
very spell that would have existed without unemploy- 
ent insurance. 

4This paragraph reflects discussion with my col- 
agues Richard Freeman and James Medoff; see 
fedoff. 
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ternative, and have seniority privileges and 
pensions that are not portable. More di- 
rectly, union contracts often guarantee that 
previous workers will be recalled before any 
new employees are hired (see U.S. Bureau 
of Labor Statistics, 1972). Finally, unionized 
firms may have more layoff unemployment 
because, as Freeman has suggested, unions 
provide an effective mechanism for express- 
ing workers’ collective preferences to man- 
agement. All of this implies that temporary 
layoff unemployment should be higher for 
union members and suggests that the re- 
sponse of temporary layoff unemployment 
to UI benefits may also be greater. 

The first section of this paper discusses 
the data and methods used in the present 
study. The econometric estimates are pre- 
sented in Section IJ. The brief concluding 
section suggests some directions for future 
analysis and comments on the implications 
of the research for the optimal redesign of 
social insurance. 


I. Data and Method 


The current study uses a sample of nearly 
25,000 individual observations collected by 
the Current Population Survey (CPS) to 
measure the effect of unemployment in- 
surance benefits on temporary layoff un- 
employment. The estimated regression 
equations presented in the next section re- 
late each individual’s temporary layoff un- 
employment status (a binary variable equal 
to 1 if the individual is on temporary layoff) 
to three kinds of variables: 1) his potential 
UI benefit as a percentage of lost net wages; 
2) his basic demographic characteristics; 
and 3) the basic characteristics of his em- 
ployment. This section begins by discussing 
the CPS sample and the method of calculat- 
ing the potential UI benefit “replacement 
ratio” for each individual. The measure- 
ment of demographic and employment 
characteristics is then discussed. 


A. The CPS Sample 


The CPS is the government household 
survey used by the Department of Labor to 
calculate official monthly unemployment 


Le 





836 THE AMERICAN ECONOMIC REVIEW 


rates. About 60,000 households are inter- 
viewed each month about the employment 
activities of their members during the week 
prior to the survey. The March survey of 
each year also obtains information about 
labor force participation, employment, and 
earnings during the previous year. The cur- 
rent study uses the survey for March 1971, 
a period of relatively high unemployment.° 
For this analysis, individuals were elimin- 
ated from this CPS sample if they were not 
in the experienced labor force, were re- 
entrants to the labor force, or were self- 
employed; none of these groups is at risk of 
being laid off. Also eliminated because of 
the atypical character of their employment 
were employees in the public sector and in 
agriculture. To avoid the problems as- 
sociated with those who combine school 
and work, and with those on the verge of 
retirement, the sample was restricted to in- 
dividuals between the ages of 25 and 55. 
Finally, a few observations were excluded, 
because data were missing on the individ- 
ual’s age, sex, color, marital status, industry 
and occupation of employment, union 
membership, or previous year’s work ex- 
perience. The sampling weights indicate 
that the resulting sample of 24,545 repre- 
sents a population of 34.2 million persons.’ 


B. Calculation of Potential UI Benefits 


The unemployment compensation bene- 
fits for which an individual is eligible de- 
pend on his previous earnings up to a ceil- 


5The seasonally adjusted unemployment rate in 
March 1971 was 6.0 percent and had been stable dur- 
ing the previous three months. The March 1971 sur- 
vey was not “selected,” but was the first CPS tape that 
became publicly available. The use of that sample in- 
dicates the slow gestation of this project. 

6Barry Chiswick presents evidence that the recent 
extension of unemployment insurance to agriculture 
has substantially increased the seasonality of employ- 
ment and unemployment in agriculture. It will be im- 
portant to see if that result is confirmed by data after 
the 1975 recession year. 

7In 1971 there were 50.8 million persons in the labor 
force between the ages of 25 and 55. The difference 
between 50.8 million and 34.2 million represents pri- 
marily government employees, agricultural workers, 
and the self-employed. 
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ing of maximum benefits received by about. 
half of all UZ benefit recipients. Because un- 
employment insurance is actually a series 
of state programs that operate as part of a 
general federal system, the formulae relat- 
ing benefits to past earnings and the maxi- 
mum benefits differ among the states. In 
addition, dependents’ benefits are also 
available in states with approximately one- 
third of covered workers. 

The CPS collects no information about 
the unemployment insurance benefits re- 
ceived by the currently unemployed or the 
potential benefits of the employed. A 
special computer program was therefore 
prepared to evaluate the potential UJ bene- 
fits for each of the 24,545 individuals in the 
final CPS sample. The algorithm uses the 
particular rules for each individual’s state 
of residence and incorporates information’ 


on his industry of employment, previous 


year’s earnings and work experience, and 
number of eligible dependents.’ As a rough 
test of the accuracy of this method, the pro- 
gram was used to determine the benefit 
eligibility and to calculate the benefits for all 
unemployed persons in the full CPS sample 
(and not the final subsample of 24,545 ob- 
servations). The implied total benefits for 
March 1971 was $540 million; this is rea- 
sonably close to the total amount actually 
paid as reported by the individual state UI 
agencies, $630 million. The accuracy is 
likely to be greater for temporary layoffs for 
whom the reporting of previous year’s in- 
come is much more reliable. 


8 Individuals are asked about the total annual valu 
of benefits received during the previous year, bu 
these twelve-month recall data are notoriously bac 
and, in the aggregate, represent a 50 percent under 
statement of the amounts paid by the UI program. 

>There is no information on “benefit exhaustion,’ 
ie. on whether an individual has already been un 
employed so long that his number of weeks of eligi 
bility for benefits has been exhausted. However, fo 
all types of unemployment, only about 20 percent o 
spells exhaust available benefits while, for those o1 
temporary layoff, the percentage should be very mucl 
lower: in March 1974, only 4 percent of “job loser 
on layoff” were unemployed for more than twenty-si: 
weeks, while 12 percent of “job losers with no job’ 
were unemployed for that long (see the author, 1975 
Table 4). r 
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The central variable of interest is the 
ratio of the individual’s potential unem- 
ployment insurance benefit to his foregone 
earnings net of marginal income and pay- 
roll taxes. This UJ “benefit replacement 
ratio” measures the proportion of lost net- 
of-tax earnings that would be replaced by 
UI benefits. A 60 percent UI benefit re- 
placement ratio implies that the unem- 
employed individual would lose only 40 
percent of his previous net-of-tax wage in- 
come. Stated differently, the benefit replace- 
ment ratio is analogous to a rate of tax 
levied on earnings when the alternative is 
insured unemployment; a 60 percent bene- 
fit replacement ratio implies that the in- 
dividual, by working instead of collecting 
UI, receives additional income equal to 
only 40 percent of his total net wage. The 
computer program evaluated the benefit 
replacement ratio for each individual, using 
the federal income tax schedules, to evalu- 
ate a marginal tax rate for someone with the 
individual’s family income and dependents 
who used the standard deduction, The 
relevant marginal social security tax rate 
and state income tax rate were added to 
the federal marginal tax rate. 

Although theory predicts that the prob- 
ability of being on temporary layoff is an 
increasing function of the benefit replace- 
ment ratio, there is no presumption of 
linearity. A movement in the benefit re- 
placement ratio from 0.70 to 0.80 may in- 
crease unemployment by more than a 
movement from 0.30 to 0.40. To eliminate 
the restriction of a linear specification, 
equations are reported in the next section 
in which the continuous benefit replace- 
ment ratio variable (BEN) is replaced by a 
set of binary variables that classify individ- 
uals by their benefit replacement ratios: 
BEN = 0 (for those not eligible for bene- 
fits); 0 < BEN < 0.30; 0.30 < BEN < 
0.50; 0.50 < BEN < 0.70; 0.70 < BEN 
< 0.85; and 0.85 < BEN. This method 
has the further advantage that it can clearly 
separate those who are ineligible for bene- 
fits (BEN = 0) from the remaining varia- 
tion in BEN. 

Although I believe that this represents 
the best method of evaluating the benefit 
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replacement ratio with the available data, 
there are several problems that should be 
borne in mind in evaluating the results. 
First, there is no information on the extent 
of experience rating that is relevant for 
each individual’s employer. If the extent of 
experience rating is uncorrelated with the 
benefit replacement ratio, ignoring experi- 
ence rating does not bias inferences about 
the effect of the benefit replacement ratio 
on temporary layoff unemployment.!° 
Second, there are three omissions that are 
likely to cause an overestimate of the im- 
pact of unemployment insurance on tem- 
porary layoff unemployment: cash and in- 
kind transfers that may be available to 
individuals on temporary layoff, the value 
of fringe benefits that are lost during un- 
employment, and the work expenses (trans- 
portation, meals, etc.) that are avoided 
during unemployment. None of these 
omissions is likely to be large for the quite 
short duration of unemployment that are 
relevant here. Moreover, to the extent that 
a higher probability of layoff is compen- 
sated by a higher gross wage (as implied by 
the firm’s budget constraint), there will be 
an offsetting underestimate of the impact 
of UI on temporary layoff unemployment. 
It is difficult to assess the net effect of these 
countervailing influences, but the resulting 
bias is likely to be small. 

It is much more important to understand 
that the regression coefficient of the benefit 
replacement ratio measures the effect of 
interindividual differences in unemployment 
benefits and that the effect of such differ- 
ences is less than the effect of a general 
change in everyone’s benefit replacement 


10The regression of the unemployment variable on 
the benefit replacement ratio does, however, under- 
state the effect on unemployment of differences in the 
net UI subsidy. The net UJ subsidy is the difference 
between the benefits and the additional experience- 
rated tax payments induced by those benefits. In the 
notation of my 1976 paper, the net subsidy is 
[1 — e(l — t,)]b where e is the ratio of induced em- 
ployer tax to incremental benefits (i.e., the extent of 
experience rating), by the marginal personal income tax 
rate, and b is the weekly benefit. If e(1—1,) were 
constant, the regression coefficient of b would under- 
state the effect of changes in the net subsidy by a factor 
of (1 — e(1 — zy)". 
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ratio. As a general rule, it is the employer 
who makes the decision to lay off and recall 
a worker, while the employee himself is 
essentially passive.!! An employer can 
respond to his employees’ benefit replace- 
ment ratios only as an average for the group 
whose layoff he is considering and not in- 
dividually for each member in the group. 
It is because the relevant group of em- 
ployees within a firm has similar benefit 
replacement ratios? that the individual 
benefit replacement information is relevant 
for understanding what is essentially an 
employer or employer-employee group de- 
cision. Since the benefit replacement ratios 
are not identical for the relevant group of 
the firm’s employees, some part of the vari- 
ation of BEN in the sample will not affect 
layoff unemployment. The effect of this is 
to make the estimated regression coefficient 
an underestimate of the effect of a general 
increase or decrease in all benefits. 


C. Demographic and Employment 
Characteristics 


The demographic characteristics included 
in the analysis are the standard list of age, 


11] say “as a general rule” because workers do fre- 
quently have “inverse seniority” privileges that permit 
more senior workers to choose to be laid off before or 
instead of others. See U.S. Bureau of Labor Statistics 
(1972) for a description of these privileges. 

12The benefit replacement ratios are similar to the 
extent that members of the group have similar wages 
and, being located in the same state, have similar un- 
employment benefit schedules and state tax rates. 

13 This can be stated differently by noting that a firm 
can only perceive and respond to the mean BEN value 
for the relevant group of its employees and essentially 
ignores the within-group variance. A general change in 
all UI benefits shifts this mean while part of the sample 
variation includes the within-group variance. In still 
different language, the coefficient of BEN is biased 
down but the size of the bias is limited to the extent 
that the between-group variance is large relative to the 
within-group variance. This bias can be thought of as 
a classical “‘errors-in-variables” bias: the “true” value 
of BEN required by the model is the mean-of the in- 
dividual BEN values for the relevant employee group, 
while the actual individual BEN values may be re- 
garded as equal to the “true” value plus an error. This 
errors-in-variables interpretation also indicates that 
there is a downward bias that is an increasing function 
of the within-group variance relative to the between- 
groups variance. 
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sex, marital status, and race. As I indi- 
cated above, separate equations are also 
estimated for men only. The sample is 
limited to individuals between the ages of 
25 and 55. To avoid any assumption about 
the form of the relation between age and 
temporary layoffs, individuals are divided 
into four separate age groups and binary 
variables are used in the regression equa- 
tion. The age groups included are 25-29, 
30-39, and 40-49; the coefficient for per- 
sons 50-55 is implicitly zero. The other 
demographic variables are self-explanatory. 
The potential role of unions was dis- 
cussed briefly in the introduction. In the 
final CPS sample of 24,545, 6,845 indi- 
viduals (or 27 percent of the sample) in- 
dicated that they were members of labor 
unions. There is no indication whether 
the individual’s current employment is in a 
union job. This suggests that the estimated 
coefficient of the union variable may under- 
estimate the full effect of unionization. 
Individuals were classified according to 
industry group and occupation category 
and the corresponding binary variables 


were included in the regression to control 


for inherent “technological”? differences 
among them in the likelihood of layoffs.! 
This procedure entails a danger of “over- 
controlling” for the exogenous aspect of 
these variables. Individuals with high po- 
tential benefit replacement rates (for ex- 
ample, with low wage rates or high spouse 
income, or large families in states where 
dependents’ allowances are paid) may seek 
employment in industries and occupations 
with high technological probabilities of lay- 
off unemployment. To the extent that this is 
important, the regression coefficiénts will 
overstate the importance of the industry 
and occupation variables and will under- 
state the impact of the benefit replacement 
ratio. Although it is not possible to model 


'41t might be interesting to extend this list to other 
attributes that reflect differences in tastes for leisure, 
for example, education, home ownership, age of chil- 
dren of married women, etc. See, however, fn. 13. 

15 The twelve industry groups were combinations of 
two-digit industries. Recall that agricultural workers, 
the self-emploved, and public employees were omitted 
from the sample. The nine occupation groups were 
combinations of more detailed two-digit classifications. 
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this simultaneous relationship, separate re- 
sults will be presented with and without the 
industry and occupation variables. 

The final variable considered in the anal- 
ysis is the individual’s wage rate. Tem- 
porary layoff unemployment is likely to be 
related to the individual wage in several 
quite different ways. First, for any given 
benefit replacement ratio, a higher wage 
implies both a higher absolute benefit and a 
greater absolute cost cf unemployment; the 
sign of this effect is therefore indeterminate. 
Second, if a high wage reflects better pay 
relative to the individual’s market oppor- 
tunity,!6 the employer will be more likely 
to lay off workers with a confidence that 
they will return when recalled; this implies 
a positive coefficient for the wage variable. 
Third, a higher wage may ceteris paribus 
imply greater seniority; greater seniority 
means fewer involuntary layoffs relative to 
other employees within the firm, but a 
group with more seniority on average may 
have more temporary layoffs because work- 
ers are more likely to await recall. 

Related to this seniority aspect is the 
possibility that more senior workers who 
are laid off perceive themselves (correctly) 
as only on temporary layoff, while their 
more junior coworkers who are laid off may 
regard the separation as permanent because 
their probability of recall is substantially 
lower. Finally, jobs with more layoffs may 
pay higher wage rates ceteris paribus than 
other jobs, implying that the gross wage is 
endogenous and positively related to the 
unemployment probability. While this 
source of wage variation is likely to be 
small relative to the wage variation reflect- 
ing individual skill differences, etc., some 
equations without this variable have been 
estimated to assess the effect of erring in 
the direction of its omission. 


II. The Econometric Evidence 


All of the equations that I have estimated 
imply that the current level of unemploy- 


16Recall that we are “holding constant” the effect 
of age, sex, color, unionization, industry, and oc- 
cupation, It might be interesting to add education and 
other variables. 
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ment insurance benefits causes a substan- 
tial fraction of the observed temporary lay- 
off unemployment. More specifically, the 
econometric evidence indicates that the 
temporary layoff unemployment rates 
would be reduced by approximately one- 
half if the adverse incentive provided by the 
current unemployment insurance were 
eliminated. This conclusion is not sensitive 
to the exclusion of questionable regressions 
or to the restriction of the sample to par- 
ticular subsamples.!” 

Before looking at the estimated regres- 
sion coefficients, it is helpful to examine the 
basic data on temporary layoff unemploy- 
ment rates and UI benefit replacement 
ratios. In March 1971 the temporary layoff 
unemployment rate was 1.6 percent in the 
population corresponding to the final CPS 
sample of 24,545 employees; that is, on 
average, the corresponding population had 
a probability of 0.016 of being unemployed 
and on layoff during the sample week in 
1971. The mean value of the benefit re- 
placement ratio for this population was 
0.55. Only 3 percent of the population was 
found to be ineligible for benefits'® while 60 
percent of the sample had benefit replace- 
ment rates above one-half and 30 percent 
had benefit replacement rates about 70 
percent.9 

Table | shows the temporary layoff un- 
employment rates corresponding to six 
levels of the benefit replacement ratio. This 
unemployment rate rises monotonically 
from 0.50 percent among the inetigibles 
(BEN = 0) to 2.17 percent in the highest 
benefit group (BEN > 0.85). Taken at face 
value, these unemployment rates imply that 


‘7The reader should remember the caveats and 
potential biases discussed in Section I; they will not be 
repeated here. 

18 Recall that the sample is restricted to eliminate 
many groups with no UJ benefits, such as new entrants 
and the self-employed. 

19The distribution of benefit replacement ratios for 
the population should not be confused with the dis- 
tribution for the unemployed subgroup. The mean 
benefit replacement ratio of the unemployed was 0.59; 
if those with zero benefits are excluded, the mean 
benefit replacement rate for the eligible unemployed 
exceeds 0.60. This is consistent with the calculation 
that I presented for a range of hypothetical employees 
in my 1974 paper. 
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TABLE 1— UNEMPLOYMENT INSURANCE AND 
TEMPORARY LAYOFF UNEMPLOYMENT” 











UI Benefit Percentage Temporary Layoff 
Replacement Ratio Unemployment 
(BEN) Population Rate 

a) (3) 

0 0.50 
(0.25) 

0< BEN < 0.30 1.26 
(0.25) 

0.30 < BEN < 0.50 1.30 
(0.14) 

0.50 < BEN < 0.70 1.80 
(0.15) 

0.70 < BEN < 0.85 1.83 
(0.18) 

BEN > 0.85 2.17 
(0.35) 

All Persons 100.0 1.60 
(0.08) 





4Based on the March 1971 Current Population Survey of 24,545 individuals. See 
text for definition of BEN. The figures in colums (2) and (3) are estimates of popula- 
tion rates based on CPS sampling weights. Approximate standard errors of the 
temporary layoff unemployment rates are shown in parentheses in column (3). (Note 
that these estimates are independent tabulations and not regression coefficients.) 


reducing BEN to a maximum of 0.40 would 
lower the temporary layoff unemployment 
rate from 1.60 to 1.26, a reduction of 0.34 
percentage points. It must, however, be 
borne in mind that this relation between 
benefits and temporary layoff unemploy- 
ment rates is not adjusted for demographic 
or economic characteristics. We turn there- 
fore to the multiple regression equations. 
Table 2 presents the estimated coefficients 
of four basic regression equations. The de- 
pendent variable is binary, taking the value 
of 1 if the individual is unemployed and 
on layoff, and the value of 0 otherwise. 
The regression coefficients have all been 
multiplied by 100, converting the predicted 
dependent variable from a probability to a 
percentage unemployment rate. The sample 
means and proportions of the explanatory 
variables are shown in the first column. 
Consider first the estimated coefficient of 
the benefit replacement ratio in equation 
(1). The coefficient of 1.345 implies that 


20Note that equation (1) includes all of the variables 
discussed in Section I; the coefficients of the twenty- 
seven industry and occupation variables are not shown 
since they are not of interest in themselves, and would 
require much extra space in the table. 


the mean BEN value of 0.55 raises the mean 
temporary layoff unemployment rate by 
1.345 x (0.55) = 0.74. Since the temporary 
layoff unemployment rate is 1.60, this 
equation implies that BEN is responsible 
for 46 percent of the observed temporary 
layoff unemployment rate. Because the in- 
dustry and occupation variables may over- 
correct for the truly exogenous effects of 
these variables, the basic specification is 
repeated without them as equation (2). The 
coefficient of the benefit replacement ratio 
rises slightly (to 1.545), implying that the 
mean benefit replacement ratio of 0.55 is 
responsible for 53 percent of the observed 
temporary layoff unemployment rate.?! 

The coefficient of the binary union vari- 
able in equations (1) and (2) provides 
strong evidence that union members are 
much more likely to experience temporary 


21Omitting the other potentially endogenous eco- 
nomic characteristic variables (the gross wage rate and 
unionization) only lowers this coefficient to 1.515. 
(This equation is not shown in the table.) Other vari- 
ants cluster around 1.3, rising as high as 1.7 and falling 
as low as 1.0. Replacing the gross wage rate by a set 
of six classification variables in gross wages has essen- 
tially no effect on the other coefficients. 
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TABLE 2--DETERMINANTS OF TEMPORARY LAYOFF UNEMPLOYMENT 
Sample Regression Coefficients 
Means and 
Variable Proportions (1) (2) (3) (4) 
BEN 0.55 1.345 1.545 
(0.426) (0.420) 
BEN =0 0.03 — 1.230 — 1,484 
(0.539) (0.534) 
)< BEN < 0.30 0.08 — 1.552 0.399 
: (0.518) (0.516) 
1.30 < BEN < 0.50 0.28 —1.531 ~ 1,343 
(0.391) (0.389) 
).50 < BEN < 0.70 0.30 — 1.074 ~—0.812 
(0.355) (0.356) 
).70 < BEN < 0.85 0.24 — 0.657 ~0.490 
(0.344) (0.346) 
Union 0.28 1.154 2.236 1.169 2.249 
(0.204) (0.183) (0.204) (0.183) 
Age: 25-29 0.18 0.686 0.675 0.699 0.680 
(0.270) (0.270) (0.270) (0.270) 
Age: 30-39 0.31 0.220 0.235 0.229 0.241 
(0.238) (0.239) (0.238) (0.239) 
Age: 40-49 0.33 —0.196 —0.172 0.194 — 0.168 
(0.234) (0.235) (0.234) (0.235) 
Male 0.65 — 1.460 —0.309 —1.279 0.189 
(0.226) (0.195) (0.238) (0.214) 
Married 0.91 —0.267 —0.062 —0.243 ~0.364 
(0.289) (0.289) (0.290) (0.291) 
White 0.89 — 0,068 —0.332 —0.068 0.311 
(0.269) (0.261) (0.270) to 62) 2 
Gross Wage ($100) 1.64 0.202 0.127 .228 0 $ 
(0.080) (0.077) (0.094) 0.092 
Industry-Occupation - a - a - 
Constant - 2.025 0.333 3.687 1.931 
Mean of 
Dependent Variable 1.601 1.601 1.601 1.601 
N 24,545 24,545 24,545 24,545 





Notes: All coefficients have been multiplied by 100, co 
centage unemployment rate. Standard errors are show 
nitions of variables. 





nverting the dependent variable from a probability to a per- 
n in parentheses. See text for description of sample and defi- 


aIndicates that the twenty-seven industry and occupation variables were included in the equation. 


layoff unemployment than nonunion mem- 
bers. The temporary layoff unemployment 
rate is 1.15 percentage points higher than 
the rate for nonmembers even after adjust- 
ing for this industry-occupation mix. 
Without that adjustment, the differential 
is 2.24 percentage points. I will return be- 
ow to the evidence that the layoff unem- 
ployment rate of union members is also 
nore sensitive to UI benefits. 

The coefficients of the other variables 
are interesting but involve no important 
economic insights. There is clear evidence 
that the frequency of temporary layoff 
unemployment falls quite sharply with age, 





a reflection of the powerful seniority sys- 

-tem. There is no statistically ` significant 
difference between either whites and non- 
whites or marrieds and singles. Males ap- 
pear to have a significantly lower temporary 
layoff unemployment rate when (but only 
when) the industry and occupation effects 
are included separately.” 


22The sex differential is large and surprising to me. 
It may be an artifact of overadjustment for industry 
and occupation or it may reflect a real difference be- 
tween the sexes. Women may be more likely to take 
seasonal work (within broad . industry-occupation 
groups) or to have relatively long spells of temporary 
layoff. Nothing is known about these fascinating issues 
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Equations (3) and (4) replace the con- 
tinuous benefit replacement ratio variable 
by a set of six binary classification variables. 
In each equation, an increase in the benefit 
replacement ratio always implies an in- 
crease in the predicted temporary layoff 
unemployment rates.” Both equations sug- 
gest that variations in the benefit replace- 
ment ratio below the 30 to 50 percent range 
have little effect on unemployment but 
higher benefit replacement ratios have a 
substantial adverse effect. The coefficients 
of the BEN variables in equation (3) imply 
that lowering BEN for everyone to 0.40 
(with an implicit coefficient of -— 1.53) 
would reduce the temporary layoff unem- 
ployment rate to 0.46 percentage points.” 
With equation (4), the same calculation 
implies a reduction of the temporary layoff 
unemployment rate of 0.49 percentage 
points (with an implicit baseline coefficient 
of — 1.40). It is not clear how much weight 
should be given to the implications of this 
more elaborate specification. On purely 
statistical grounds, there is little basis for 
choice; the reduction in the residual sum of 
squares in going from equation (1) to equa- 
tion (3) is not quite significant at the 5 per- 
cent level, while going from equation (2) to 
equation (4) is not even significant at the 
10 percent level.” The pattern of the coeff- 


and an adequate analysis would go beyond the proper 
focus of this paper. 

23In equation (3) the step from “ineligible for bene- 
fits” to “eligible” appears to reduce temporary layoff 
unemployment. This implication should be given very 
little weight since the ineligible group is very small in 
the sample and the individuals who fall into that cate- 
gory are likely to have other special but unrecorded 
characteristics. 

24There would be an additional long-run reduction 
in the temporary layoff unemployment rate as pro- 
duction and employment shift out of the industries 
and occupations with high rates of temporary layoff 
that are’ currently subsidized by unemployment in- 
surance, i 

25This F-test is only appropriate as an approxima- 
tion since the continuous BEN variable is only ap- 
proximately a linear combination of the binary BEN 
variables. Henri Theil’s R2 criterion also indicates only 
the slightest possible preference for the more complex 
specifications. All of the R? values are extremely low, 
approximately 0.02; this is common for household 
survey data with a low probability. binary dependent 
variable. 
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cients does correspond to the a priori ex- 
pectation that variations in benefit replace- 
ment ratios will have a weaker effect when 
UI benefits are “too small to bother taking 
into account” than when those benefits re- 
place a substantial fraction of lost net wage 
income. However, the apparently weak ef- 
fect at low benefit levels may refléct’ only 
the small fraction of the sample in this: 
range; since only 11 percent of the sample 


‘had BEN values below 0.30, it is difficult, 


to make any inferences about the effects of] 
variations in benefits within the range be- 
low 0.30 or between this range and the next 
higher interval. It is probably best to re- 
main agnostic on this question until more 
data become available.” 

Table 3 confirms that union members; 
have a substantially higher temporary lay- 
off unemployment rate and are more sensi- 
tive to unemployment insurance benefits 
than are nonunionized workers. For the 
sample of 6,845 union members, the tem- 
porary layoff unemployment rate was 3.14 
percent, twice the rate for the entire sample 
and thus three times the rate for nonunion 
members.” The coefficient of the benefit 
replacement ratio variable in equation (1) is 
2.72, also about twice the corresponding 
coefficient for the entire sample. A coeffi- 
cient of 2.72 implies that the mean benefit 
replacement ratio of 0.54 (for union mem- 
bers) induces a 1.47 percent temporary lay- 


26 The coefficients of the BEN variables in equations 
(3) and (4) cozrespond quite closely to the conditional 
“unemployment rates presented in Table 1; for example 
an increase in BEN from 0.40 to 0.60 reduces the pre- 
dicted temporary layoff unemplayment rate by 0.50 
percentage pcints in both the multiple regression equa- 
tion and the unadjusted values of Table 1. It is clear 
from this comparison that replacing equations (3) and 
(4) by logit regression instead of ordinary least squares 


` would be very unlikely to change any of the conclu- 


sions of the current analysis. 

27The total rate of 1.601 is a weighted average of 
the union rate of 3.141 for 27.9 percent of the sample 
and 1.005 for the remaining 72.1 percent of nonunion 
members. 

The specification of equation (1) in Table 2 is 
exactly the same as equation (1) in Table 1 except 
that the union variable is now omitted. The coeffi- 
cients of the other variables are not showa in order to 
save ‘space. “e 
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TABLE 3—COEFFICIENTS OF BENEFIT REPLACEMENT RATIO VARIABLES FOR 
UNION MEMBER SUBSAMPLE AND MALE SuBSAMPLE* 





Subsample 
Means and 
Variable Proportions {1) (2) @) 
BEN 0.54 2.723 2.287 
(1.499) (1.495) 
BEN =0 0.01 —2.460 
(2.468) 

0 < BEN 0.07 —4.382 

< 0.30 (1.518) 
0.30 < 0.36 —3.876 

BEN < 0.50 (1.193) 
0.50 < 0.33 — 2.834 

BEN < 0.70 (1.126) 
0.70 < 0.19 — 2.508 

BEN < 0.85 (1.106) 
Includes 

Industry- 

Occupation 

Variables? - Yes No Yes 
Mean of 

Dependent 

Variable 3.141 3.141 3.141 3.141 
Sample Size 6,845 6,845 6,845 6,845 


Union Members Only 


843 
Subsample Men Only 
Means and 
(4) Proportions (5) (6) ` (7) (8) 
1.419 1.584 
(0.708) (0,696) 
—2.968 0.01 —2.349 —2.544 
(2.471) (1.316) (1.319) 
-3.755 0.12 —1.564 -1.491 
(1.516) (0.869) (0.867) 
—3297 0.40 —1.470 -1.367 
(1.192) z (0.795) (0.794) 
—2.394 0.33 —0.985 -08I 
(1.128) (0.787) (0.788) 
—2.296 0.12 —0.759 ` -0.680 
(1.110) (0.816) (0.818) 
No Yes No Yes No 
3.141 1.600 1.600 1.600 1,600 
6,845 15,873 15,873 15,873 15,873 


aEach equation also contains age, sex, color, marital status, and wage variables and a constant term -(as in 
Table 1); their coefficients are not shown to save space. The Men Only equations also contain a union variable. 
The table indicates when industry and occupation variables are included. The omitted BEN category corre- 
sponds to BEN > 0.85 and has an implicit coefficient of zero. 


off unemployment rate, or 47 percent of the 
overall 3.14 percent rate.” 

Although the mean benefit replacement 
ratio for union members is almost exactly 
the same as for the entire sample, the dis- 
tributions of benefit replacement ratios 
differ noticeably. The replacement ratios for 
union members are clustered more closely 
around the average; 69 percent of union 
members have BEN values between 0.30 
and 0.70, while 58 percent of the entire 
sample is in this range. Almost no union 
members appear to be ineligible for bene- 
fits. The coefficients of equations (3) and (4) 
also show that the temporary layoff unem- 


ployment rate varies. inversely with the. 


benefit replacement ratio. Both equations 
imply that increasing the benefit replace- 
ment ratio from 0.40 to 0.60 raises the tem- 


` 29Excluding tle twenty-seven industry and occupa- 
tion variables (as in equation (2)) reduces the coeffi- 
cient slightly but leaves these conclusions essentially 
unchanged. The industry and occupation variables are 
themselves statistically significant so that equation (1) 
would be the clearly preferable specification except for 
the possible simultaneity problem noted in the text. 


porary layoff unemployment rate by about 
an entire percentage point.” 

The results for the “men only” sample 
(presented in columns 5-8 of Table 3) are 
very similar to the estimates for the entire 
sample and need no detailed comment. The 
temporary layoff unemployment rate of 
1.600 is almost identical to the rate for the 
entire sample (1.601). The regression coeffi- 
cients differ substantially from the corre- 
sponding numbers of Table 1 only for the 
BEN = 0 subcategory; since only 0.01 per- 
cent of the men and 0.03 percent of the en- 
tire population are in this group, the com- 
parison of the regression coefficients is 
without real substance. 

Equations similar to those of Table 1 
were also estimated with the “duration of 


30The | percent of union members who are ineligible 
for benefits (BEN = 0) appear to have an unusually 
high layoff rate. This anomalous behavior also con- 
tributes to the relatively high standard error of the 
BEN variable in equations (1) and (2). The very small 
sample with BEN =0 and correspondingly high 
standard error imply that no weight should be given 
to this group. For BEN > 0, equations (3) and (4) 
show a strong monotonic relation. 
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unemployment to date of survey” as the 
dependent variable. There was no signifi- 
cant relation between BEN and duration, 
implying that the effect of UI in inducing 
more short-duration spells of unemploy- 
ment offset the effect of UI in lengthening 
the duration of spells that would otherwise 
have occurred. 

Although I am tempted to compare the 
estimates presented in this section with the 
results of other recent studies, I believe 
that research is too dissimilar to warrant 
such comparison. There have been no pre- 
vious econometric studies of the effect of 
unemployment insurance on temporary lay- 
off unemployment. The recent econometric 
research has focused on the duration of un- 
employment spells or on the total unem- 
ployment rates for state aggregates.>! There 
are several fascinating problems in the in- 
terpretation of these data, but their discus- 
sion belongs elsewhere. 


II. Conclusion 


The evidence presented in this paper im- 
plies that unemployment insurance has a 
powerful effect on temporary layoff unem- 
ployment. The average UI benefit replace- 
ment ratio implied by the current law can 
account for about half of temporary layoff 
unemployment. An increase in the UI 
benefit replacement ratio from 0.4 to 0.6 
raises the predicted temporary layoff un- 
employment rate by about 0.5 percentage 
points, or one-third of the current average 
temporary layoff unemployment rate of 1.6 
percent. Temporary layoff unemployment is 
more than twice as frequent among union 
members as among others between the ages 
of 25 and 55 who are in the experienced 
labor force. Unemployment insurance also 
has a correspondingly greater effect on that 


31 These studies include Kathleen Classen; Ronald 
Ehrenberg and Ronald Oaxaca; Herbert Grubel and 
Dennis Maki; Arlene Holen and Stanley Horowitz; 
Charles Lininger; Marston. It should be clear that the 
only reliable studies of duration effects exclude tem- 
porary layoffs and combine data for individuals in 
different states or years. See Daniel Hamermesh and 
Finis Welch for discussions of this research. 
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unemployment rate among union members: 
an increase in the UJ benefit replacement 
ratio from 0.4 to 0.6 raises the predicted 
temporary layoff unemployment rate of 
union members by a full percentage point. 

These estimates must be understood as 
subject to the biases and caveats discussed 
in Section I. It would clearly be desirable 
to repeat this research with CPS data for a 
more recent year. A reanalysis with data 
from the National Longitudinal Survey 
would be useful because the temporary lay- 
off character of the unemployment spell 
could be defined ex post. It would be par- 
ticularly valuable to extend the current data 
to include information on the experience 
rated tax of each individual’s employer. 
More generally, it would be useful to re- 
examine the effect of UI on temporary lay- 
offs by studying data on a sample of in- 
dividual firms in a variety of states. 

I have refrained throughout this paper 
from making any normative judgments 
about the effect of unemployment insurance 
on layoff unemployment, It is clear, how- 
ever, that our current UJ program does 
impose an efficiency loss by distorting the 
behavior of firms to lay off too many work- 
ers when demand falls rather than cutting 
prices or building inventories. The substan- 
tial rate of temporary layoff unemployment 
suggests that this efficiency loss may be 
quite large. 

The redesign of unemployment insurance 
is a difficult problem because the unem- 
ployed include the job losers who must find 
new jobs as well as those on temporary lay- 
off. For those who are changing jobs, the 
optimal insurance must balance providing 
protection from financial loss against the 
distortion to socially inefficient search.” 
For those who are on temporary layoff, it is 
sufficient to eliminate the. subsidy element 
in UI by making each firm repay in taxes 
the full value of the benefits paid its em- 
ployees and by making UI benefits subject 
to the same taxation as other compensa- 


32This point is discussed in more detail in my 1973 
paper. Baily provides an excellent formal solution of 
this optimization problem. 
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tion.” The difficult problem arises because 
the full experience rating that is optimal for 
temporary layoffs is not optimal for per- 
manent layoffs: it would inappropriately 
discourage new hiring and desirable lay- 
offs.” The problem cannot be solved by a 
lower tax for those layoffs who are not re- 
hired since that would distort the rehire de- 
cision and waste job-specific human capital. 
The optimum balancing of these considera- 
tions is a complex problem that requires 
more information than is currently avail- 
able. A formal analysis of the problem 
would be valuable because it would indicate 
more precisely the type of information re- 
quired and might provide new insights 
about the optimal design even before that 
information is collected. 

As a practical solution, I believe that 
much could be gained by having full em- 
ployer experience rating for the benefits 
paid during the first month of each spell of 
unemployment (or some other moderately 
short period), It would also be important 
to tax individuals on UJ benefits in the same 
way as other compensation is taxed. This 
combination of reforms would eliminate 
most of the subsidy currently provided for 
short spells of temporary layoff unemploy- 
ment without unduly discouraging either 
new hiring or permanent separations.» 


33 See the author (1976). 

34Firms can often assess a worker’s quality only 
after he has worked for the firm for a period of time. 
If layoffs of unsuitable workers are made very expen- 
sive by experience rating, firms will be reluctant to hire 
new workers and, when they make a hiring mistake, to 
discharge those who were inappropriately hired. 

35The bias against new hiring could be reduced 
further by making the “one-month experience rating” 
provision apply only to workers with a minimum of, 
say, six months of experience with the firm. 
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Rural Wages, Labor Supply, and Land Reform: 
A Theoretical and Empirical Analysis 


By MARK R. ROSENZWEIG* 


Land reform is one of the most men- 
tioned of the theoretical policy instruments 
discussed in the development literature, yet 
relatively little attenticn has been paid to 
the wage rate consequences of such a pro- 
gram, despite the fact that perhaps more 
than one-half of rural families in a develop- 
ing country receive a substantial proportion 
of their income from wage earnings in 
agriculture.' One reason for this lacuna 
may be that the determination of wages and 
family labor supply in the agricultural sec- 
tor of LDCs has also been somewhat ne- 
glected, particularly in the context of a 
heterogeneous labor force.” The subsistence 
or institutional wage models of W. Arthur 
Lewis, John Fei and Gustav Ranis, and 
Gerald Rodgers, for instance, offer no 
theory of how rural wage levels or differ- 
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\Notable exceptions are R. Albert Berry, Mark 
Gersovitz, and M. A. Rahman, All of these authors, 
however, employ geometric znalyses with differing as- 
sumptions leading to wholly different “predictions” 
regarding wage effects. None consider the heterogeneity 
of agricultural labor, pay attention to questions of 
stability, or attempt to apply their models to data. 

2Information on the differential impact of alterna- 
tive agricultural policies, including land reform, on sex 
or age-specific wage rates is not only important in 
settling income distribution and equity issues but, as 
suggested in an article by the author and Robert 
Evenson, may have significant implications for popu- 
lation growth and schooling as well. 
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entials are set and thus provide little guid- 
ance on how wage rates would besaffected 
by changes in land ownership patterns. 
More recently, Pranab Bardhan and T. N. 
Srinivasan, David Newbery, and Clive Bell 
and Pinhas Zusman, who formulate general 
equilibrium market or bargaining models 
determining endogenously the rental share 
paid by tenant sharecroppers, have assumed 
that agricultural wage rates are exogenous 
or determined only by nonagricultural fac- 
tors. All of these models assume that rural 
labor is homogeneous. 

Another reason why the potential wage 
impact of a land reform program may have 
received little attention is that models of 
“peasant” family behavior, such as those of 
A. K. Sen, Dipak Mazumdar, and Robert 
Mabro, typically embody two restrictive 
assumptions which would tend to make the 
equalization of landholdings appear wage 
augmenting, although this implication has 
never been formally derived. These assump- 
tions are that 1) agriculture is “dualistic,” 
with small-farm families facing lower shadow 
prices of labor (leisure) than large-farm 
landlords because of impediments to labor 
mobility and 2) agricultural households are 
“‘dichotomous”—“small” farmers employ 
family labor and maximize utility while 
“large” farms only utilize wage labor and 
maximize profits. Data from a 1970-71 all- 
India survey of over 5,000 households col- 
lected by the National Council of Applied 
Economic Research? indicate, however, that 
almost all cultivator households, large and 
small, participate actively in the labor mar- 
ket as either buyers or sellers of labor ser- 
vices, with almost 88 percent of households 
cultivating a gross-cropped area less than 
1.5 acres utilizing some hired labor. Seventy- 
nine percent of these small farm households 


3For a more detailed discussion of these data, see 
the author. 
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had some family members who participated 
in the labor market with 55 percent report- 
ing household members earning agricul- 
tural wages and working an average of 100 
days in the market. Moreover, while almost 
96 percent of the largest farms (30+ acres) 
hired labor, 85 percent also utilized family 
workers. 

Thes@ data indicate the purchase of labor 
by almost all farms regardless of size and 
the extensive use of family labor by the 
largest farms. This suggests that the ‘“‘di- 
chotomization” of cultivating households 
by objective function would appear to be 
not only counterfactual but less useful than 
merely distinguishing large and small farms 
according to whether they are net importers 
or exporters of labor services, a distinction 
which identifies who benefits and who loses 
from a change in wage levels. Moreover, as 
will be shown below, when the dichotomy 
is dropped, the theoretical impact of a 
change in the distribution of landholdings 

“on wage rates becomes ambiguous, with the 
possibility that wage rates may fall as a con- 
sequence of a land reform despite dualism 
and/or decreasing returns to scale in agri- 
cultural production.‘ 

The primary objective of this paper is to 
formulate and test a general equilibrium 
model of rural wage determination. It em- 
bodies behavioral assumptions consistent 
with the labor mobility that characterizes 
the Indian agricultural labor market, and 
ascertains both theoretically and empiri- 
cally the effects of a redistribution of land 
holdings on agricultural wage levels and 
sex/age wage differentials. In Section I, a 
competitive three-sector general equilib- 
rium model of a dualistic agricultural labor 
market with two kinds of labor is formu- 
lated, and the stability and other properties 
of the equilibrium are described. In Section 
II, the impact of changes in agricultural 


4In addition to these assumptions, Berry, who em- 
phasizes the possibility of a wage decrease following a 
land redistribution, abstracts from labor-leisure choices 
in all households. Gersovitz in his nondualistic ex- 
ample assumes production is characterized by con- 
stant returns to scale and rules out negatively sloped 
labor supply curves. Rahman assumes constant returns 
to scale production and neglects labor-leisure choice. 
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labor supply on rural wages and wage dif- 
ferentials are assessed, and the effects of 
land reform on wages are derived and 
parameterized with respect to economies of 
scale, the extent of agricultural “dualism,” 
differential income-leisure effects on large 
and small farms, and the relative disparity 
in landholdings. Section III contains an 
empirical analysis based on the theoretical 
framework in which I estimate the param- 
eters of a six-equation simultaneous equa- 
tions system describing the determination 
of rural wage rates and labor supply for 
males, females, and children based on ag- 
gregate Indian data. The results appear gen- 
erally consistent with the competitive mar- 
ket model and indicate that rural wage 
levels and a measure of landholding in- 
equality are negatively associated, but that 
an equalizing land redistribution would 
exacerbate agricultural wage differentials 
between males and females. 


I. The Competitive Market Model and 
Properties of Equilibrium 


To capture the essential features of rural 
agriculture and to maintain tractability, 
assume a labor market composed of two 
types of labor, male and female, and three 
agricultural households—a landless house- 
hold and two households with different size 
plots, small and large, of quality-standard- 
ized land producing a homogeneous agri- 
cultural commodity. The market is initially 
assumed to be competitive so that all house- 
holds are price takers, but wage rates are 
determined endogenously. There are, how- 
ever, costs which vary with the labor time 
spent on the land owned by other house- 
holds which are assumed to be borne en- 
tirely by workers. Each household con- 
tains two persons, one of each labor type, 


5These costs are assumed to embody search and 
direct transportation costs and reflect the value of the 
disutility of off-farm work and the difficulties of dis- 
tributing family income among members when some 
individuals are employed away from home. Off-farm 
labor costs per unit of labor time are assumed to be 
exogenous and invariant with respect to time worked. 
Relaxation of the latter assumption introduces con- 
siderable complexity into the analysis. 
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each owning a unit of labor time. The two 
types of labor are imperfect substitutes in 
agricultural production, but labor of each 
type from different households is perfectly 
substitutable. No labor is sold outside the 
agricultural sector. 

The landless household supplies /}, = 
1 — 1%, and Iy = 1 — / amounts of labor 
to the market, where /%, and /% are the 
quantities of leisure time of the husband and 
wife in the landless household. Total con- 
sumption of the landless family, assuming no 
saving and a unit price for the composite 
consumption commodity, is thus 


(1) XN = IK TY + Uy TL 


where IT? = Wy — px(K = M,W); Wy are 
the market wages paid to (hired) male and 
female labor, and px is the cost per unit of 
labor time supplied to the market, assumed 
to be exogenous. 

The small-farm household owns 4° units 
of land and is by definition a net exporter 
of the labor services of both the husband 
and wife. The large-farm household owns 
6A units of land, where @ is a scalar chosen 
such that the househcld is an importer of 
labor. Denoting Li, and Li,, i = S,L, as 
the total amounts of male and female labor 
utilized on the land awned by each land- 
owning household, the quantities of male 


and female labor supplied (exported) to the. 


market by the small household, A$, and 
AS, and the amounts of labor hired (im- 
ported) by the large landowning family Af, 
and à% are given by 


(2) A =l- LE>0 


(3) Me = Lk- Ue > 0 K= M,W 
where //x is the total work time of family 
member K on the farm of size i. 

The quantities consumed by the land- 
owning households, X5 and X‘“, are thus 


(4) Xi = F(Liy, Liv, 0 AS) + 
(IYA + (— LYM Hy i=sS,L 
j= Ofori = S;lfori = L 
6Also assume that the land market is imperfect, such 
that the distribution of land is fixed, ignore other 


agricultural inputs, and abstract from uncertainty, 
seasonality, and land tenure considerations. 
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where If = Wy, H$ = We — pand Fisa 
twice continuously differentiable strictly 
concave production function with positive 
cross partials, which may exhibit either de- 
creasing, constant, or increasing returns to 
scale. 

Each of the three households maximizes 
an identical twice-differentiable family util- 
ity function given by (5), with respect to the 
consumption commodity X‘ and the leisure 
of the two household members, each of 
which is assumed to be noninferior, subject 
to the relevant budget constraints in (1) 
and (4). 

(5) U = UX yy) i= N,S,L 

If only interior solutions are considered, 

the necessary conditions for each house- 


hold, in addition to those implied by the 
budget constraints, are given by equations 


(6) through (8): 


(6) Ut-Wi=0 G=N,S,L 
(T) Uk- Y'Uk=0 i=N,S,L 
8)  Fk-Uk=0 i=S,L 


where U% is the partial derivative of (5) with 
respect to li in households of type i, Fk is 
the marginal product of L% in farm house- 
holds of type i, and y’ is the Lagrangean 
multiplier for household i. 

Equations (7) and (8) give the standard 
utility- and profit-maximizing results de- 
scribing the optimal quantities of leisure 
and total labor use, if any, for each house- 
hold. With px > 0, the market is dualistic in 
the sense that small landowning households 
utilize more labor per acre than large land- 
owners because of the differential shadow 
prices of labor: F < Wx, Fk = Wx. Each 
member of the small landowning household 
allocates his (her) labor on the family’s land 
up to the point where the value of his (her) 
marginal product just equals the net wage 
he (she) receives in the market, Wx — px. 
Members of the large landowning house- 
holds devote all their work time to their 
own land and hire each type of labor up to 
the point at which the marginal value prod- 
uct of that labor type is equal to the ap- 
propriate market wage Wx. 
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To derive the partial-equilibrium com- 
parative static properties for the three 
households, first write the matrix: 


Uy U Uw -1 

| Oak: Chae: Cig ek 

BN bey Uis eg. D 

-1 -04 -D 0 
i=N,S,L 


Differentiating equations (1), (6), and (7) 
fori = N, we get equation (9), where 6” is 
thus the bordered Hessian matrix for the 
landless household. Denoting the deter- 
minant of 6’ as ¢/ and the cofactor of row r 
and column c of 8‘ as ¢/,, we obtain the 
standard Slutsky equations for the landless 
household’s labor supply: 
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lx N Onn N oa, 
(10) dw.” Y ont OR GN 
= Okk ok 
K = M,n =2 
K = Win = 3 
dl”, on. on 
11 E a eA Se y Ne 
( ) dW, o“ + fh gn 
= oN, ~ lio for K x h 


where o% is the income effect on leisure for 
family member K. 

Second-order conditions constrain the 
first term in equation (10), the compensated 
substitution effect o%,, to be positive, since 
o@’ <0 and $% > 0. The normality as- 
sumption, however, implies that the second 
term, containing the income effect on lei- 
sure of, is negative so that equation (10) is 


dX 0 
as, | |Y" dW- Y" doy 
GN- diy | |W" dWy— Y" doy 
ay”) | -iy dWy— ly dW, +y doy + By dow 
0 0 —l dX’ 
on 0 0 =~Myl |d 
(12) ma od, ee 
0 0 Fay Fiw 0 |ldLy 
0 o0 OG Fug Fey Oo lars 
-1 -04 -i 0 0 dvi 
_WidW y 
-YidWy 
_~dWy Sa dA! 
—dWy ——Fiyal dA! 
(Lu — liu) dWy + (Liy — Uy) dWy — FyidA! 
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consistent with either a backward-bending 
or positively sloped supply curve for land- 
less laborers of either sex. The sign of (11) 
depends on whether the leisure time of the 
husband and wife are complements or sub- 
stitutes, being negative if the leisure time of 
spouses are substitutes. Total differentiation 
of equations (4) and (6) through (8) for i = 
S, L yields equation (12), where ¢4 is the 
3 x 3 cofactor in 6’, Noting that 6! is there- 
fore the second bordered principal minor 
of the bordered Hessian matrix in (12) and 
must be negative, we obtain the following 
results for the two landowning households, 
employing Cramer’s rule: 





dlix gi bh, 
en ipa ae A ee a Li — lity) 
(13) dW. i ( K sa) gi 
= skg — (Lk — ljr)ok 
n = 2,3 
dlix Os o Oin 
ye ge T 
= ok, — (Li — Laok 
as) k _ _ Fin < OforK = h 
dW, Ai > OforK #h 
di; i 
dL FiaF uw — FhaP hs 
(17) ns 
dA! Ai 


where Al = Fly Fiu — (Fw) > 0 


Equations (13) and (14), which give the 
own- and cross-wage effects on the total 
supply of work time for each household 
member in the landowning households, 
indicate that the substitution and income 
effects in those households are qualitatively 
similar to those of the landless households. 
They are identical if the labor market is 
nondualistic and competitive (IIt = I$ = 
Wx) and if the utility function in (5) is 
homothetic. However, unlike landless 
laborers and small landowners who are 
labor exporters, the uncompensated own- 
wage effect on total (family) labor supply in 
labor-importing farms is unambiguously 
positive, since a wage rise must lower net 
income for these households. 
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Equations (15) and (17), giving (own 
and cross) effects of a rise in wage rates and 
landholdings on total labor usage on the 
landowning farms, indicate that if com- 
petitive conditions prevail, the partial equi- 
librium changes in the allocation of total 
farm labor will be identical whether or not 
(some) households maximize utility or 
profits. However, as will be shown below, 
the assumption that large landowners maxi- 
mize utility and utilize family labor has con- 
sequences for the allocation of market 
(nonfamily) labor, and thus for the levels of 
the equilibrium wage rates and the stability 
of the rural labor markets, which are func- 
tions of market supply and demand curves 
only. 

The relationship between the supply of 
off-farm labor of type K from small farms 
and changes in wage rates, from (13), (14), 
and (15), is expressed in (18): 


18 dd = [ S ] NS ok 

(18) aw, Th AS: — AnoK 
While for own-wage effects (K, h = M 
or W) the.terms in brackets, the own- 
compensated substitution effect and the 
negative of the labor usage effect, must be 
greater than zero, (18) may be of either sign 
because of the positive income effect on 
leisure of. 

For the labor-importing utility-maximiz- 
ing farms, the own- and cross-wage effects 
on the quantity of labor of sex K hired, A£, 
is given by 


L Fé 
Oh . [Toh] — bed 


dW, At 

Since the demand for all labor of type K to 
be used in agricultural production falls and 
the quantity of labor supplied by family 
members of sex K increases when Wx rises, 
the demand for hired labor must decline in 
response to a wage rise. 

The effects of an exogenous increase in 
household landholdings on off-farm labor 
supply (small farms) and on the demand for 
hired labor on type K (large farms) depend 
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also on both production and income-leisure 
effects, but are of unambiguous signs. 


S 
(20) Ox. Fiet 
-y Ffa En — FF, 
S o age ee 
L 
en DE = Frog 
q [2E — Pee Eh >0 
AŻ 
K=M,h=W 
K=W,h=M 


It is seen that an increase in the size of labor- 
exporting farms will reduce their supply of 
labor to other farms; an increase in the 
holdings of labor-importing households will 
increase the demand for hired labor because 
of reinforcing production and income- 
leisure effects, even if scale diseconomies 
(which do not violate second-order condi- 
tions) exist. 

Labor market equilibrium is characterized 
by equations (1), (4), and (6)-(8), as well as 
equilibrium conditions (22): 


(22) I+ A$ =k K=M,W 


A necessary condition for (Hicksian) multi- 
market stability in the market for hired 
agricultural labor, from equations (13), 
(18), and (19), is that 


oy WOES =U) Fee 
dWx i25, Af 
- E oix- kok + ok + Agog < 0 


i=§,L,N 


The assumptions imposed in the analysis so 
far do not insure that condition (23) will 
be met; it is thus possible that with suf- 
ficiently negative sloped market supply 
curves of agricultural labor, the market 
equilibrium will not be stable. However, the 
likelihood that instablity is the major 
reason for the existence of institutional (i.e., 
nonmarket determined) wages is low: the 
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presence of labor-hiring institutions (large 
landowners) which maximize utility and 
employ family labor, as in India, as well as 
the existence of labor-supplying households 
whose members both work their own land 
and offer labor services to the market, 
makes the fulfillment of the static stability 
conditions more likely in the context of 
Indian agriculture than in developed coun- 
try (modern sector) labor markets. In the 
latter, where employers of hired labor are 
profit maximizers, and household members 
who supply labor do not participate in 
household income production, three nega- 
tive terms tending toward stability, Fi, /A%, 


. —ø$x, and —d*ok, would not appear in 


(23). Moreover, because of the participation 
of family members in agricultural produc- 
tion on labor-importing farms, the stability 
condition must be satisified if the utility 
function is homothetic (and p = 0) since the 
last three terms in (23) vanish; i.e., if o£ = 
of = of, then from (22), — kok + [ok + 


AZo = 0. 


II. General Equilibrium Comparative Statics 


Assuming a unique stable equilibrium we 
can ascertain the effects of a change in land- 
holdings A‘ (or any other exogenous vari- 
able hypothesized to influence supply be- 
havior) on the wage rates of the two types 
of labor by totally differentiating equations 
(1), (4), (6)-(8), and (22), and solving for 
dW yu and dW y. First we show that the at- 
tenuation of factors inhibiting the participa- 
tion in market work of only one group, say, 
females, will lower agricultural wage rates 
generally but will not necessarily result in 
wider intergroup wage differentials.’ To see 
this let R be an environmental characteristic 
such that diy /dR, ddjy/dR < 0; dl}, /dR, 
a\$,/dR, dd%/dR = 0, then for a small 
change in R around equilibrium the effect 
on male and female agricultural wage rates 
can be written in terms of the partial equi- 


- librium comparative static results, where 


7Ester Boserup hypothesizes that high levels of fe- 
male participation rates are associated with greater 
disparities in male-female wage differentials. 
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éky = dv [dX and wer, = dy, /dW,,: 


(24) dWy = dlty/dR + dd4,/dR 
dR (uiw - ww — ww) 
-Q-'>0 
(25) Wy _ _ ewig + dd4,/dR 
` dR (uiw — nw — uiw) 
; (Hiv = Hiv = Hiya) | Q-! > 0 
(whi = Bie aa thi) 
where Q = |- 


(uiw — buw- ew) (Hie — hym — Bm) 
(utim = Lum a uiu (eww - uw = uyw) 


To sign (24) and (25) note that the assump- 
tions of strict concavity in production and 
the second-order conditions require that 
Q > 0 and that if the equilibrium is dy- 
namically stable, from (23), (uke — wiz — 
Bx) < Oand (uk, — Hn — #x,) > 0.8 Thus, 
expressions (24) and (25) must be greater 
than zero; an increase in female market par- 
ticipation must reduce male and female 
wage rates, the magnitude of the effects 
being positively related to the sensitivity of 
female labor supply to changes in R and 
negatively to the sensitivity of the demand 
and supply of hired labor to “own” changes 
in agricultural wage rates. However, the 
change in the wage rate differential given by 
(26) cannot be predicted: 


d(Wy ~ Wy) 
dR 
S dl, /dR + dd$,/dR 


(uirw = Liv = uyw) 


(26) 


y (kim — hym — hym) Ri 1] Q-! 
(kium — Kum — Bw) 
Using these results, we derive the effect of 


a redistribution of land (without compensa- 
tion for the transfer to wealth) from large to 


8The second inequality embodies the condition that 
wage laborers of each type are gross substitutes, which 
guarantees dynamic local stability for all speeds of 
adjus:ment. See Kenneth Arrow, Harold Block, and 
Leonid Hurwicz. 
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small landowners on wage rates in the 
general equilibrium system by solving for 
the effects of an increase in A* on Wy and 
W y under the side condition that total land- 
holdings A? = AS (1 + 6) remain constant: 





(27) dW, z [ eka + eka 
dAS (uke — wk — wx) 
ths + efa 


(uke — whe — whe) 
. (uk, — By - uK) Q-! 
(Hin — win — Hih) 
Assuming that the direct effect, the first 
bracketed term, dominates, the sign of (27) 


depends on the sign of e£, + e2,, so that 
from (20) and (21): 





dWk > 
(28) S 0 
as EFi — FhaFin _ FhaFka — FhaFin 
AS AL 
+ Fick — Fak 20 


< 


Thus whether or not a land reform program 
without compensation? increases or de- 
creases the wage rates for laborers of type 


` (sex) K depends on the properties of the 


production function and the differences in 
income-leisure relationships for individuals 
of sex K and the marginal product of land 
on small and large farms. To parameterize 
these relationships assume that the produc- 
tion function is Cobb-Doublas,' such that 


F = Qi = (LPL A). 


and 8; + 8, < 1. Expression (28) can then 
be rewritten as: 


9The degree of compensation can be easily intro- 
duced into the analysis as a parameter. As long as 
compensation is not complete, so that both the re- 
cipients and the donors of land experience opposite 
changes in real wealth (apart from indirect wage ef- 
fects), income-leisure effects will be relevant. 

10Bardhan, fitting a number of alternative functional 
forms to Indian production data, could not reject the 
Cobb-Douglas function. However, the conclusions 
derived from the model are not dependent on the, 
functional form chosen as long as the function is well 
behaved. 
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NIV 
jo) 


1-81-82 


> 
50 


where y = 63/(1 — Bı — B2) 


The following conclusions emerge: 

1) With no factor distortions (p = 0), 
linear homogeneity (y = 1), increasing re- 
turns to scale (y > 1), or decreasing returns 
to scale (y < 1) are each neither sufficient 
nor necessary for land redistribution to be 
wage neutral (dW,/dA* = 0), wage aug- 
menting, or wage decreasing because of in- 
come-leisure effects. If the production func- 
tion is linear homogeneous, moreover, the 
differences between income-leisure effects in 
small- and large-farm households will 
uniquely determine the direction of the 
wage effect, assuming compensation if any 
is not complete. Since that differential may 
be of opposite sign for males and females, 
it is possible that land reform could raise 
wage rates for one group while lowering 
them for another. 

2) In the special case considered by 
Gersovitz, Mabro, and others, in which the 
production function is linear homogeneous 
and large farms are owned by profit-maxi- 
mizing absentee landlords (no employment 
of family labor so «% = 0), wage rates of 
men and women will rise unambiguously; 
the magnitude of the rise, from (27), being a 
negative function of the sensitivity of the 
demand and supply of hired labor to wage- 
rate changes and a positive function of the 
magnitude of the income-leisure effects on 
small-farm households. In this case, the 
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wage group benefiting most from the land 
reform will be that which has the greatest 
income elasticity of leisure and the most in- 
elastic market demand and supply curves. 

3) Sufficient but not necessary condi- 
tions for land reform to be wage neutral 
under competitive conditions (with p = 0) 

„are that the production function be linear 
homogeneous and the utility function be 
homothetic, neither assumption by itself is 
necessary or sufficient. 

4) Dualism in agriculture does not 
necessarily imply that land reform will in- 
crease rural wages. Moreover, rural wages 
can rise after a land reform without factor 
distortions. However, the greater the costs 
to workers of off-farm employment, the 
more likely will wages rise as a result of a 
land redistribution. To see this, differentiate 
(29) with respect to px, noting that 8, < 1. 


a 3 
= Wp — pp P? 
G0) c Eye 
Êh 
. Cie Pr Tn po-» 
[$+ oks Z >0 


HI. Empirical Analysis 
A. Variabies and Reduced-Form Estimates 


The principal implication of the pre- 
ceding theoretical analysis is that the direct 
impact of a land redistribution program on 
agricultural wage rates is indeterminate. 
Moreover, as was demonstrated, data per- 
taining to scale economies" and the labor- 
supply elasticities of landless and landown- 
ing households would provide only indirect 


11The evidence from Indian data is mixed. Stanislaw 
Wellisz, using aggregate pooled time-series data from 
Andhra Pradesh, concluded that agricultural produc- 
tion was characterized by increasing returns to scale. 
Bardhan, however, found evidence of decreasing re- 
turns to scale in paddy agriculture and constant re- 
turns to scale in wheat growing areas based on in- 
dividual farm data from seven districts. 
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evidence on the consequences of land re- 
form policy and would not, in any event, 
indicate the quantitative magnitude of its 
impact on rural wages. In this section a 
more direct approach is adopted, utilizing 
the general equilibrium market framework 
and aggregate data from India to estimate 
the direct ceteris paribus relationship if any 
between the size distribution of landholdings 
and the wage rates of adult males, adult fe- 
males, and children in the agricultural sec- 
tor, thereby obtaining a quantitative esti- 
mate of the potential wage- impact of a 
land-redistribution program. To assess the 
applicability of the general equilibrium 
model, a number of the verifiable predic- 
tions of the model regarding the relation- 
ships between the distribution of land, rural 
wage rates, and the supply of and demand 
for hired labor are also tested. 

Let us first estimate a set of six reduced- 
form equations in which the levels of the 
agricultural wage rates of adult males and 
females and children and the number of 
wage laborers per household in each sex 
group are the dependent variables, using 
data pertaining to the rural populations in 
159 Indian districts, 1960-61.!2 The main- 
tained hypothesis motivating the empirical 
analysis is that interdistrict labor mobility 
in India is sufficiently low such that district- 
level characteristics are the important de- 
terminants of rural district wage rates and 
market labor supply. 


16 
(31) Wij = Axo + Z AX yy + Ug 


16 
(32) Aaj = bro + > bX iy + Vij 
k = M,W,C;j = 1...159 


Each of the six equations, (31) and (32), 
contains an identical set of exogenous ex- 
planatory variables X,, listed and defined in 
Table 1, which also provides means and 
standard deviations. The set of regressors 


2The criterion for district inclusion is that wage 
rates be reported for at least one month of the year for 
all three groups. The districts selected are thus not 
necessarily representative of India as a whole, although 
they cover a wide geographic area. 
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includes three variables characterizing the 
size distribution of land: the mean holdings 
of landowners X,, the proportion of house- 
holds in rural areas without land X,, and a 
measure of landholding inequality among 
landowners X,, the Kuznets ratio, given by 
(33):8 


(33) X= 2 


where P, 


total number of landowning 
households in district j 
number of landowning house- 
holds in interval i in district j 
total landholdings (acres) in 
district j 

landholdings in interval i in 
district j 


P 


ij 


A. 


J 


Ái; 


1j 


Other variables included in the set of exog- 
enous regressors standardize for differences 
in land-augmenting factors, such as rainfall 
and irrigation, and represent other rural 
population characteristics and institutions 
as well as nonagricultural demand factors." 
These latter variables are assumed to draw 
labor out of the agricultural sector and can 
be shown, based on straightforward manipu- 
lations of the model described in Sections I 
and II, to raise agricultural wage levels. 

With respect to the economic character- 
istics of the agricultural sector, the model, 
while agnostic in terms of the signs of the 
distribution variable coefficients in the re- 
duced-form wage equations, does make the 
following predictions: 

1) The coefficients of the mean land- 
holdings, irrigation, and rainfall variables 
should display positive signs in all wage 
equations. An increase in average land- 
holdings or land-augmenting factors per 


13This measure was chosen for computational ease 
and because of its well-known property of being sensi- 
tive to changes occurring at the tails of the distribution, 
where a land reform program is likely to operate. Ex- 
perimentation with alternative distributional param- 
eters, such as the /og variance and the Gini coefficient, 
on a subset of districts produced insignificant changes 
in results. 

M4For a discussion of the role of the “control” 
variables, see the author. 


856 THE AMERICAN ECONOMIC REVIEW 


DECEMBER 1978 


TABLE 1—VARIABLE DEFINITIONS, MEANS, AND STANDARD DEVIATIONS, 
159 INDIAN Districts," 1960-61 

















Standard 
Variable Definition Mean Deviation 
Wy Daily wage in rupees for male field labor (sowers, 1.52 0.43 
reapers, weeders, ploughers) 
Wy Daily wage in rupees for female field labor (sowers, LII 0.37 
reapers, weeders, ploughers) 
Wo Daily wage in rupees for child field labor and herding 0.85 0.37 
Au Percentage of males per household age 15-59 working 23.4 11.2 
at least one hour per day as hired agricultural 
laborers 
Ap Percentage of females per household age 15-59 work- 22.0 14.4 
ing at least one hour per day as hired agricultural 
laborers 
Àc Percentage of children per household age 5-14 work- 5.75 3.98 
ing at least one hour per day as hired agricultural 
laborers 
x, Average land owned per landowning household 12.4 10.3 
Xa Percentage of households without land 34.9 13.1 
X3 Kuznets ratio of landholding inequality 81.7 16.3 
X4 Percentage of males 15-59 with primary education 12.7 9.27 
Xs Percentage of females 15-59 with primary education 3.34 4.11 
Xe Percentage of males 15-59 with secondary education 2.44 2.50 
X; Percentage of females 15-59 with secondary education 0.27 0.68 
Xg Percentage of population in scheduled tribes 12.8 6.32 
Xo Percentage of cultivated acres irrigated 12.8 17.4 
Xio Average normal rainfall per year in cm. 302.2 594.2 
Xi, Dummy = 1 if at least one plantation in district 0.10 
Xp Factories and workshops per household 0.17 0.18 
Xi Percentage of factories and workshops employing 5+ 3.9 4.0 
persons 
X14 Percentage of factories and workshops using power 20.5 19.2 
Xis Proportion of population living in urban areas 0.17 0.11 
X16 Percentage of population Moslem 33.2 66.6 





Sources: See Appendix. 


aStates in data sample: Andhra Pradesh, Assam, Bihar, Gujurat, Kerala, Madhya 
Pradesh, Madras (Tamil Nadu), Maharashtra, Mysore, Orissa, Punjab (and Har- 


yana), and Uttar Pradesh. 


household, controlling for the distribution 
of land among landholders and the propor- 
tion of landless households, from (20) and 
(21), would increase the demand for hired 
labor on labor-importing farms and de- 
crease the supply of off-farm work from 
labor-exporting households. 

2) The proportion of households with- 
out land should be positively associated 
with the employment of wage laborers and 
negatively correlated with the wage levels 
of all sex-age groups. Landless households 
supply more labor to the market than those 
households owning land. 


The ordinary least squares (OLS) reduced- 
form parameter estimates are presented in 
Table 2. The set of district-level variables 
explains approximately 35-47 percent (ad- 
justed for degrees of freedom) of the inter- 
district variation in rural male, female, and 
child wage rates, with the highest explana- 
tory power being obtained for adult male 
wages. The same variables account for 53- 
60 percent of the variation across districts 
in wage laborers per household for the 
three sex-age groups. 

The results are generally consistent with 
the predictions of the model: the coefficients 
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TABLE 2—UNRESTRICTED REDUCED-FORM OLS COEFFICIENT ESTIMATES, INDIAN 





Independent 
Variable Wu Wy 
xX, .0187 0136 
(4.66) (3.81) 
xX, —~ 0018 — 0018 
(0.53) (0.59) 
X; ~ 0133 —.0101 
(6.39) (5.42) 
X4 ` .0140 .0091 
(2.44) (1.79) 
Xs ~ 0019 .0064 
(0.14) (0.51) 
Xe .0095 .0056 
(0.64) (0.43) 
X; .0793 .0280 
(1.06) (0.42) 
Xg .0092 .0149 
(1.74) (3.18) 
Xo .0059 .0033 
(2.69) (1.66) 
Xio .0003 .0002 
(3.20) (2.69) 
Xu —.196 —.185 
(1.51) (1.60) 
X ~ .0027 110 
(0.02) (0.72) 
X13 — 0039 — 0006 
(0.30) (0.07) 
X14 .0050 0067 
(2.75) (4.16) 
X15 501 514 
(1.81) (2.09) 
Xi ~ 0004 0012 
(0.59) (1,94) 
Constant 2.31 1.64 
(7,31) (5.84) 
SEE. 331 .295 
R? -465 424 
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Districts, 1960-61 








Dependent Variable 
We Am Aw àc 
.0054 — 0594 — 124 ~ 0030 
(1.40) (0.61) (1.05) (0.09) 
— .0004 .380 405 0906 
(0.13) (4.57) (4.04) (3.32) 
— .0062 355 430 120 
(3.12) (6.96) (6.99) (7.22) 
.0099 .219 .133 — .0483 
(1.81) (1.56) (0.78) (1.05) 
— 0040 ~ 152 — .282 ~- 0260 
(0.30) (0.44) (0.68) (0.23) 
.0002 —.262 —.189 ~ 118 
(0.13) (0.72) (0.43) (1,00) 
.0792 — 1.83 ~ 5,58 — 1.58 
(1.10) (1.00) (2.53) (2.63) 
0166 ~— 243 ~ 522 — 128 
(3.29) (1.88) (3.36) (3.04) 
0006 0413 ~ 0166 ~ 0052 
(0.31) (0.77) (0.25) (0.30) 
.0001 — .0006 0024 .0004 
(1.18) (0.32) (1.04) (0.67) 
—.148 — 1.23 —4.36 ~ 1.44 
(1.19) (0.39) (1.14) (1.39) 
0495 —4.42 -7.37 — 2.88 
(0.30) (1.05) (1.45) (2.09) 
.0010 —.210 — .260 —.120 
(0.10) (0.85) (0.87) (1.49) 
.0064 — 0213 —.176 ~ 0192 
(3.68) (0.48) (3.32) (1.33) 
318 ~14.13 — 10.78 — 3,88 
(1.20) (2.09) (1.32) (1.75) 
0019 .0376 0023 ~ .0094 
(2.72) (2.14) (0.11) (1.63) 
0.99 — 26.82 21.11 -5.14 
(3.28) (3.47) (2.26) (2.27) 
318 8.09 9.77 2.65 
349 534 587 603 


Note. The t-values are shown in parentheses. Number of districts = 159. 


of the mean landholding, rainfall, and ir- 
tigation variables display the predicted 
Signs in the wage equations, the coefficients 
being statistically significant in all but the 
child wage equation, while the proportion 
of landless households as expected is posi- 
tively associated with the proportion of 
laborers in agricultural employment. Agri- 
cultural wages appear to be influenced as 
well by factors outside the agricultural 
sector, with nine of the twelve coefficients 
of these variables displaying the expected 
signs. 


Most importantly, the coefficients of the 
land distribution variable, strongly signifi- 
cant in all equations, suggest that wage 
rates of men, women, and children are 
lower and market employment higher where 
the distribution of land is most unequal. 
These results thus suggest that a redistribu- 
tion of land among landholders which re- 
duced landholding inequality would raise 
agricultural wages in India. The differences 
in the land distribution coefficients in the 
three wage equations, statistically signifi- 
.cant at the 1 percent level, however, sug- 
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gest that reductions in land inequality 
would exacerbate arithmetic sex-age wage 
differentials in rural areas. 


B. Structural Estimates 


To fully test the market wage model I 
estimate structural demand and supply 
equations for hired labor, described by (34) 
and (35): 


(34) Wij = Ako + x On Naj 


u 
+ 2 Op Xig + Edy kh = M,W,C 


8 
(35) Any = Yko + VW + > YkiX y 
ts 
16 
+ x, VX y + Cx 
is 


where the e,;, €x; are stochastic error terms. 

The demand equations in (34) have been 
specified with the wage rate as the depen- 
dent variable so that the direct influence of 
labor-supply changes on wage rates can be 
more easily tested. If wage rates are influ- 
enced by shifts in supply and demand as im- 
plied by the theoretical analysis, all the a,, 
coefficients should display negative signs, 
since from (24) and (25) an increase in the 
quantity of labor of type K must have nega- 
tive own- and cross-wage effects in equilib- 
rium, The theoretical analysis also suggests 
that mean landholding size, the extent of 
irrigation, and the quantity of rainfall 
should be positively associated with the de- 
mand for hired labor. Moreover, the de- 
mand for wage labor should be highest in 
areas where landholding inequality is great- 
est if the labor market is competitive, even 
if scale diseconomies exist, since where the 
distribution of landholdings is more un- 
equal more land is held by labor-importing 
farm households. 

With respect to the supply equations, the 
own-wage effects on labor supply are theo- 
retically ambiguous as was shown; how- 


15Because of severe multicollinearity, only own- 
wage rates were included in the supply equations. The 
wage-supply estimates thus represent the average re- 
lationships between sex-specific market labor supply 
and movements in the set of family wages. 
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ever, the model suggests that the proportion 
of landless households and the degree of 
landholding inequality should be positively 
associated with the supply of market labor 
from (20), since an increase in the magni- 
tude of these variables is equivalent to a 
reduction in the landholdings of labor- 
exporting households. Similarly, an in- 
crease in mean landholdings should de- 
crease the supply of agricultural market 
workers per household as should increases 
in the nonagricultural labor demand vari- 
ables. 

Because the residual correlation matrix 
obtained from the estimation of (34) and 
(35) by two-stage least squares indicated 
significant correlations of residuals across 
equations, the system of market demand 
and supply equations was estimated using 
full information maximum likelihood 
(FIML) to capture potential efficiency 
gains.’ The estimate FIML coefficients are 
displayed in Table 3. 

The structural coefficients signs appear to 
be generally consistent with the expecta- 
tions generated by the market model of 
rural agriculture. In particular the matrix 
of supply variable’ coefficient signs in the 
demand (wage) equations is supportive of 
the model, as wages appear to be sensitive 
to shifts in the supply of laborers for hire 
such that increases in the number of people 
participating in the agricultural labor mar- 
ket from any age-sex group reduce all agri- 
cultural wage rates, although not all coeffi- 
cients are statistically significant. While the 
strongest supply impact on wages appears 
to come from shifts in female participation, 
the null hypothesis that an increase in fe- 
male labor supply has equal negative effects 
on male and female wages cannot be re- 
jected, as is consistent with but not implied 
by the model. 

The supply equation structural estimates 
suggest that the relationship between the 


16See Thomas Rothenberg and Charles Leenders. 
Because of the possibility that the FIMZ estimates will 
converge where the likelihood function is at a local 
rather than a global maximum, three-stage least 
squares was also employed, The parameter estimates 
obtained using this systems estimation method differed . 
insignificantly from the FIML estimates. 
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TABLE 3—FIML STRUCTURAL COEFFICIENT ESTIMATES, INDIAN DISTRICTS, 1960-61 


Dependent Variable 
Independent : 
Variable Wu Wy We Au Ay Xe 
ÀM —.055 — .0342 — 0501 
(0.39) (0.24) (0.31) 
Aw — .0285 —.0321 — 0325 
(2.49) (2.79) (2.30) 
Ac — .0295 —.0440 — 0395 
(0.79) (1.30) (0.98) 
Wy 6.82 
(0.96) 
Ww 18.94 
(1.37) 
Wc 8.68 
(1.07) 
Xx, 0170 0131 .0058 —.173 —.328 ~ 0441 
(4.69) (3.65) (1.39) (1.24) (1.53) (0,70) 
Xa 0058 .0031 —.0013 .368 .390 .0765 
(1.20) (0.62) (0.23) (4.66) (3.47) (2.09) 
Xy — 0064 — 0028 — 0050 430 .606 173 
(1.32) (0.54) (0.89) (4.63) : (4.38) (3.30) 
Xa .014¢ 153 0092 —.136 
(4.51) (1.01) (0.04) (1.35) 
X; .0122 =.217 —.474 — .0057 
(2.47) (0.61) (0.81) (0.03) 
Xe 0065 ~— 328 ~ 441 — 158 
(0.65) (0.89) (0.80) (1.02) 
X —.117 —3.54 —6.59 —2.58 
(0.26) ; (2.05) (2.78) (2.46) 
Xg ~ 0015 —.0004 — 0057 —.296 — 838 -.281 
(0.26) (0.07) (0.83) (1.92) (2.82) (1.79) 
Xo .0060 .0022 .0002 
(3.41) (1.23) (0.10) 
X19 0003 0002 0001 
(4.41) (3.44) (1.54) 
Xii —.278 —.353 —.277 
(2.21) (2.88) (1.95) 
Xi -4.52 ~8.52 —3.32 
(1.09) f (1.31) (1.80) 
Xy —.211 ~ 248 —.102 
(0.84) (0.65) (0.97) 
Xi. — 0382 — 284 — 0694 
(0.79) (2.98) (1,39) 
Xis — 12.49 —18.11 —4.74 
(1.61) (1.65) (1.52) 
X46 0411 — .0092 — 0229 
(2.32) (0.33) (1.38) 
Constant 1.64 1.16 0.92 —37.30 — 49.74 — 12.59 
(7.37) (5.13) (3.55) (2.50) (2.51) (2.01 
S.E.E. 302 302 377 8.60 12.43 4.04 


Note: Asymptotic t-values are shown in parentheses. Number of districts = 159. 


quantity of laborers in each sex-age group = standards. The coefficients of the land- 
supplying labor to the agricultural labor distribution variables suggest, however, as 
market and the level of wage rates is posi- expected, that decreases in landholding in- 
tive, although none of the wage coefficients equality and reductions in the proportion 
are statistically significant by conventional of landless households lower labor market 
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participation significantly. All of the co- 
efficients of the nonfarm variables also dis- 
play the expected negative signs, indicating 
that increases in demand factors in the non- 
agricultural sector draw laborers from 
farming (and raise rural wage rates), al- 
though all but two do not achieve statistical 
significance at the 10 percent level (one- 
tailed test). 

While land size and the land-augmenting 
variables also have the expected positive 
effects on the demand for hired labor, the 
negative (but insignificant) signs displayed 
by the distributional coefficients, which in- 
dicate that where landholding inequality is 
greater the demand for hired labor (wages 
offered) is lower for all three groups, con- 
tradict the prediction of the purely competi- 
tive model under all scale economies as- 
sumptions. This latter result thus suggests 
that the negative relationships between 
landholding inequality and wage rates ob- 
tained in the reduced form may partly re- 
flect the monopsonistic restrictions of wages 
and employment by relatively large land- 
owners. Thus an equalization of the dis- 
tribution of landholdings would appear to 
have a strong negative impact on the supply 
of agricultural wage labor as implied by the 
model, but negligible effects on hired labor 
demand with the net result that landholding 
inequality and rural wage rates are nega- 
tively and significantly associated in the 
reduced form.” 


IV. Concluding Remarks 


Prior theoretical models depicting rural 
household behavior in developing countries 
have employed differing restrictive assump- 
tions with respect to labor-supply behavior 
and production which have led to contra- 


11The derived reduced-form coefficients computed 
from the FIML structural parameters indicate that, 
given the actual distribution of landholdings in India 
in 1961-62, if a limit of fifty-one acres were placed on 
all farms and the “excess” distributed so that no land- 
owning farm household would own less than 1.5 acres 
of arable land, wage rates would rise by 16.8, 17.0, and 
14.1 percent for males, females, and children, re- 
spectively, in the absence of any other changes. See 
the author. 


DECEMBER 1978 


dictory predictions regarding the wage im- 
pact of land reforms. Most empirical studies 
of land reform, moreover, have not been 
based on a coherent theoretical framework, 
and have ignored wage effects. 

In this paper I have investigated the wage 


‘effects of a redistribution of landholdings 


by formulating a general equilibrium, com- 
petitive market model embodying labor 
heterogeneity and more realistic labor- 
supply behavior. Although the model was 
constructed to be consistent with the im- 
portant features of the agricultural labor 
market in India, it is sufficiently general so 
that it can be altered to suit structural con- 
ditions in the rural labor markets of other 
developing countries. The wage impact of a 
partial land.reform was found to be theo- 
retically indeterminate, due mainly to the 
assumption consistent with household-level 
India data that landowning labor exporting 
and importing households employ family 
labor, so that market labor-supply shifts 
are affected by opposing wealth-leisure ef- 
fects. However, empirical results, which 
generally support the implications of the 
competitive model formulated, suggest that 
a redistribution of land from large- to 
small-farm households in India would raise 
agricultural wage levels significantly and 
thus benefit landless households, although 
sex differentials in rural wages would ap- 
pear to widen. 


APPENDIX 


Sources of Data: 

Agricultural Wages in India, 1960-61: Wy, 
Wy, ce 

Census of India, 1961: Part IIB—Ay, Aw, Ac, 
X4, Xs, Xe, X7, Xs, Xios Xis. Part Iic— 
X,, X2, X3, Xy5. Part IVB—X 2, X13, X4. 

Indian Agricultural Statistics, 1961-62 and 
1962-63: X;, Xj. 
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Time in School: The Case of the Prudent Patron 


By THOMAS JOHNSON* 


Given my capabilities and opportunities, 
how much time should I spend in school? 
That is a question which confronts almost 
every person in modern societies at some 
time in their lives; and the effort to provide 
the answer to individuals occupies counsel- 
ors, testers, and absorbs much of the effort 
of teachers. Economists also try to turn the 
question around and make inferences about 
personal characteristics, and predict re- 
sponses to changes in policies or market 
conditions. From whichever side we view 
the question we soon realize that, as stated, 
the question is not precise enough for our 
purpose. 

How do you define and measure capabili- 
ties and opportunities? By “time,” do you 
mean years spent “in school,” or the frac- 
tion of each day spent in class and studying? 
The growing human capital tradition in 
economics abstracts heroically and embodies 
capabilities in a few parameters of some 
production function and an initial stock of 
human capital. Opportunities are repre- 
sented by wages or rental rates, prices of 
purchased commodities, and deterioration 
and/or growth functions which are external 
to the individual. Similarly, “time in school” 
studies have focused almost exclusively 
upon the years spent. In this paper I try to 
expand the scope of the model to include 
analysis of the decision of a “full-time” stu- 
dent to work in the labor market. Increas- 
ing the number of variables in the model 
and exploring different institutional assump- 
tions give results which allow us to estimate 
empirically the relative importance of own- 
human capital and purchased inputs to the 


*Professor of economics and statistics, North Caro- 
lina State University at Raleigh. This is paper no. 
4594 of the journal series of the North Carolina 
Agricultural Experiment Station, Raleigh. I wish es- 
pecially to thank Loren ihnen and the managing 
editor for suggestions for clarification of the presen- 
tation of these results. 
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human capital production function of stu- 
dents. One estimation technique yields 
estimates of the average importance for all 
students, while an alternative technique 
yields estimates for individual students who 
work in the market. However, it is well to 
retrace briefly the path of those who have 
brought us this far before exploring new 
ground, 

Almost by definition studies in human 
capital have from the beginning been con- 
cerned with optimal accumulation. In par- 
ticular, Gary Becker (1964, 1967) demon- 
strated the power of neoclassical notions of 
economizing choice in applications to ques- 
tions of the acquisition and employment of 
skills. Yoram Ben-Porath initiated a line 
of inquiry into the use of optimal control 
theory in the analysis of the accumulation 
of human capital over the individual’s life- 
time. This original paper assumed perfect 
markets for borrowing, lending, and renting 
human capital by an individual restricted to 
dividing his time between earnings and in- 
vestment in human capital without any di- 
rect gifts, allowances, or stipends. The 
literature now includes papers that explore 
Ben-Porath’s original problem in greater 
depth (see William Haley, 1973; Lee Lillard, 
1973, 1974), including opportunities for 
choice of leisure (see Harl Ryder, Frank 
Stafford, and Paula Stephan), eliminating 
the opportunities for loans (see T. D. Wal- 
lace and Loren Ihnen), and including gifts 
to support specialization (see Haley, 1976). 

The first departure of the present analysis 
from previous work is to assume that the 
student specializing in the production of 
human capital can earn only a relatively 
low wage which does not increase while he 
is in school. I maintain the assumption 
that the rental rate on human capital is 
constant after the period of specialization. 
The assumption of a constant (and low) 
wage rate while specializing amounts to 
assuming that the student cannot market 
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the services of his entire stock of human 
capital. 

The second departure is to include receipt 
of an allowance, which is a flow at a con- 
stant rate while the student specializes. 
Specialization is now defined to mean that 
the total of earnings and the allowance just 
equals the value of purchased inputs to the 
production of human capital, where pur- 
chased inputs-can be considered to include 
a “subsistence” level of living. These some- 
what unusual assumptions are discussed 
more fully below. 

A unique result of these assumptions is a 
relation for the determination of whether or 
not a full-time student participates in the 
labor market. The model student will not 
participate in the labor market if his annual 
allowance is greater than 6,/6, times the 
annual potential (full-time) wage rate he 
could earn while a full-time student. The 
term 6, is the coefficient of own-human 
capital, and 8, is the coefficient of pur- 
chased inputs in a Cobb-Douglas produc- 
tion function for human capital. Thus, by 
analysis of the dichotomous decision 
whether or not to work for wages while in 
school, we can now obtain an estimate of 
the 8,/8, ratio. Previously, only estimates 
of 8, + b, have been possible. 

Logit analysis is applied to the work de- 
cision data of 105 persons who graduated 
from high school in 1971 and attended pub- 
lic four-year colleges and universities in 
1971-72. This analysis indicates that loans 
have an impact of approximately the same 
magnitude and statistical significance as 
direct allowances. Estimates of the ratio 
8,/6, are between 5 and 7, emphasizing the 
‘importance of own-human capital relative 
to purchased inputs in producing more hu- 
man capital in school. 

A numerical sensitivity analysis has been 
performed in which changes in the allow- 
ance, wage, ability, and 8, /8, ratio are re- 
lated to the age at which full-time schooling 
ends. The results imply that, even when 
allowances and the in-school wage rate 
would have equal effect on the “work dur- 
ing school” decision, the decision to leave 
full-time schooling is much more sensitive 
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to an increase in the allowance than to an 
increase in the in-school wage rate. How- 
ever, increasing the allowance, other things 
equal, has opposite effects on earnings early 
in life and late in life. Increasing the allow- 
ance to induce continued schooling causes 
the lifetime income profile to become more 
nearly constant. 


I. The Model 


The services from the stock of human 
capital a person possesses are divided be- 
tween the production of more human capi- 
tal and the production of income. At each 
moment the fraction of effort spent invest- 
ing is labeled s,, while the fraction spent 
earning is labeled s,, with s; + Sm = 1.1 To 
produce human capital, the person com- 
bines his own human capital, K,(t) = 
s(t)E(t), and purchased inputs, D(t), in a 
production function? 


(1) Q(t) = bK D” 


The model results will show that it is opti- 
mal for a person to continue producing 
human capital until the end of life so that 
K; and D are positive throughout life (ex- 
cept at the last instant). 

The model decision maker starts life at 
t = 0 which corresponds to the time at 
which he plans his own life. There are two 
possible phases for the life plan. In phase I, 
the individual may for a time specialize in 
the production of human capital, or he may 
begin market work immediately with no pe- 
riod of specialization beyond t = 0. We 
will say that the individual is specializing 
in the production of human capital when 
all current income, Y(t), is spent on pur- 


'The advantages of this specification are that it is 
most useful for extending the analysis to multiple 
activities and activities which do not depend upon the 
level of the stock, and it more clearly shows the con- 
nection with Gary Becker’s discussion of the allocation 
of time (1975). Symbols are defined in Table 1. 

2A technical appendix made available to the reader 
on request contains the derivation of solutions to 
the model. Before ] can solve for the entire life cycle 
results, the assumptions made imply the Cobb-Douglas 
form for Q. 
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TABLE |—List OF VARIABLES AND PARAMETERS 





Variable Description 
Endogenous Variables 
Y(t) actual income 
E(t) human capital stock 
s,{t) the fraction of the effort at t spent 
investing 
Sm(t) = 1 — s;(t) the fraction of the effort at t spent in 
the labor market 
Kt) = s,(t)Z(t) human capital invested 
D(t) purchased educational inputs 
Q(t) produced human capital 
A(t) shadow price of net additions to the 
human capital stock at t 
tg ' time at which specialization ends 
Exogenous Variables and Parameters 
w wage rate while specializing 
A allowance while specializing 
A allowance while specializing 
R rental rate on human capital after 
specialization 
rate of deterioration of E(t) 
P price of purchased inputs 
8o,81,8 production function parameters 
E, initial stock of human capital 
T length of planning horizon 
r 
t 


oa 


rate of time discount 
the number of years since the 
individual decided upon a life 
cycle path of learning and earning 
Working Constants 
A=1-8,~8 
q1= Q(si, D’) 
qu = QQ, cn) i 
Baw /B,\P when s; < 1 


TJAP 
cı = RB2/PB, 


cl 
whens! = 1 


qu = Bob \(RB2/ PB)” 





chased inputs D. No loans are available for 
the purchase of D, and the person may spe- 
cialize while working part time to finance 
purchases of D.’ If the individual ever spe- 
cializes it will be at the beginning of the 
life plan and, therefore, the specialization 


3The purchased inputs include a subsistence level of 
consumption. To keep the separation theorem, making 
income maximization equivalent to- utility maximiza- 
tion, we follow Wallace and Ihnen in our “no invest- 
ment loans” assumption. Loans are not available to 
finance investment but are available to finance con- 
sumption (see Wallace and Ihnen, p. 139) beyond the 
subsistence level. 
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phase is contained in phase I. In the second 
phase, phase II, the individual does not 
spend all income on D. 

During phase I, the available wage rate is 
w which is independent of the stock of hu- 
man capital; but an allowance A is also re- 
ceived. The allowance is an unearned flow 
of funds at a constant rate during phase I. 
In phase II the available wage rate is RE(t), 
proportional to the stock of human capital.* 
Actual income at time t may be written 


[WS (t) + A Phase I 


2) Y(t) =; 
a ” |RE(t)s,,(t) Phase II 





In the “perfect capital market” models of 
Ben-Porath and Haley (1973) it is clear that 
Sm = 0 during specialization. Conversely, 
in the “‘no-investment loans” model of 
Wallace and Ihnen s,, > O for all t, since 
purchased inputs are required to produce 
human capital and earnings are the only 
source of income. In the model of this pa- 
per, with the allowance and the requirement 
that inputs be purchased out of current in- 
come, Sm may be greater-than or equal to 
zero during phase I. However, a result of 
the model is that s„ will be constant during 
phase I. In this model there are two pos- 
sible cases during phase J. Phase I, case | 
corresponds to Sm > 0 (s; < 1, the student 
works in the market). Similarly, phase I, 
case 2 corresponds to Sm = 0 (s; = 1, the 
student does not work in the market). 

The price of D is a constant P, and the 
end of phase I, time of graduation t,, may 
be defined by 


(3) Y(t) — PD(t) = 0 
Y(t) — PD(t) > 0 


Phase I, t < t; 
_ Phase II, t > t 


Figure 1 presents a comparison of in- 
come Y(t) and expenditures PD(t) over a 
life cycle. In this illustration A = $3,000 per 
year and earnings during phase I are $750 
per year with a wage rate w = $4,500 per 
year ($2.25 per hour for a 2,000-hour year). 


4Thus, it is clear that this wage corresponds to the 
“potential income” of other studies. Both refer to the 
amount which cculd be earned if the individual worked 
one unit of time. 
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FIGURE 1. AN EXAMPLE OF THE FLOWS OF 
INCOME AND EXPENDITURES 


The assumption of a constant w is sup- 
yorted by casual empiricism; while the col- 
ege senior has two times or more the hu- 
nan capital of a college freshman,’ the 
wage rate for waiting on tables (or similar 
student jobs) increases very little. The case 
s easily rationalized by noting that student 
ob markets are often geographically iso- 
ated and are of insufficient size to support 
*xtensive specialization, and that the man- 
igerial costs of organizing part-time work- 
srs reduces the marginal product. Further- 
nore, as shown by the author (1975), 
»mployers may view schooling investments 
n human capital which is not firm specific 
o be a form of moonlighting. More for- 
nally, a constant w is equivalent to assum- 
ng that a full-time student can rent only 
iome constant fraction of the human capi- 
al with which he starts college. 

The rationalization for the constancy of 
{ and the condition under which it is given 
ilso are not derived from an explicit maxi- 
nization model. To obtain A as an explicit 
‘esult would require a complete model of 
ntergenerational transfer within the family 


5These proportions are implied by the estimates by 
he author (1970), Table 1, pp. 556-57. For example, 
he base human capital B of a white male in the North 
ntering college is $3,920 while the base human capital 
3 of a similar person entering graduate school is 
10,770. Preliminary analysis of the data for the high 
chool class of 1972 (see Research Triangle Institute, 
975b), the follow-up to the data used in this paper, 
hows that while nonstudent’s wages increased by a 
eal 8.9 percent from October 1972 to October 1973, 
he wage of full-time students in four-year colleges and 
iniversities increased by a real 2.3 percent. 
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and of the grants economy for scholarships. 
Instead, as with the wage rate assumption, 
more casual support is relied upon. The 
scholarships with which we are familiar in- 
crease very little as the recipient advances 
through his college career. Perhaps this is 
connected with the practice of educational 
institutions of charging the same price per 
course without regard to the level of the 
course or the human capital stock of the 
student.® 

The prudence of the patron is evidenced 
by the requirement that all income be spent 
on schooling as the condition for receipt of 
the allowance. The patron does not require 
the student to work in the low-wage market; 
the low wage is caused by the separation of 
markets. But why would the patron impose 
the expenditure restriction on the student? 
Why impose any restrictions, that is, why 
not just make an unrestricted transfer? An 
answer to the last question may be that the 
benefactor believes that his judgment of the 
welfare of the recipient is superiog and be- 
lieves that the beneficiary would rfot follow 
this judgment unless constrained to do so. 
However, the patron will find it difficult to 
determine when his grant is being used in 
accordance with his wishes. It will be espe- 
cially difficult to determine the amount of 
the beneficiaries’ own expenditures which 
have been displaced from the project the 
benefactor wishes to support. Therefore, as 
with other grant programs, we expect to 
find some rather arbitrary rules imposed as 
conditions for the grants. The conditions 
imposed by the “prudent patron” are sug- 
gested as a reasonable abstraction of the 


6The change in measured allowance for the high 
school class of 1972 between their first and second 
years in college can be calculated from the data of the 
second follow-up of the class of 1972. Results from 
1,259 persons from the class of 1972 who attended the 
same college for their first two years show a mean re- 
duction of approximately 20 percent (in 1972 dollars) 
in allowance’ between the first and second year in 
college. Therefore, these data do not support the as- 
sumption of a constant allowance, although the dis- 
crepancy is in the opposite direction from Haley’s as- 
sumption of allowance proportional to the quantity of 
human capital produced. However, for this study the 
assumption of constant allowance is retained. 
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conditions imposed by actual benefactors 
and grant administrators in a world of im- 
perfect information.’ 

Assuming that human capital deterio- 
rates at a constant rate,0 < ô < 1, 


gives the rate of net addition to the stock of 
human capital. 

Assume that the individual has a con- 
stant rate of time discount r, and that his 
objective is to maximize the present value of 
his actual income less the cost of purchased 
inputs to the production of human capital. 
This maximization is taken over a fixed 
planning horizon T, with no utility assigned 
to stocks accumulated at T. Thus, T repre- 
sents the moment of death. Since no utility 
of leisure or disutility of work is introduced 
into the objective function, and the shadow 
price of E goes to zero at T, the person will 
approach complete devotion to the labor 
market, Sm = 1, as t approaches T. There- 
fore, the problem is: 


(Sa) maxJ = fJ Y — PD(t)]e~"tat 
with respect to Salt), DG), and subject to: 
(Sb) dE/dt= Q(t) — E(t) 
(5c) s(t) + s,(t) = 1 
(5d) Y(t) — PD(t) > 0, 

5;(t) > 0,5,,(t) > 0, D(t) > 0 


Q(t) — dE(t) 


with Q(t) defined in (1) and Y(t) defined in 
O. 

This is an optimal control problem which 
is best solved by application of the maxi- 
mum principle. The Hamiltonian corres- 
ponding to problem (5) is 


7Of course we must recognize the arbitrariness of 
the definition of subsistence to be included in the al- 
lowed cost. Some scholarships stipulate that the stu- 
dent must have no employment outside the college or 
university. However, if some administrator approves, 
the scholar may have earnings within limits. Some 
patrons may prohibit market work, require s,, = 0. 
However, the assumption made in the text yields more 
analytical power, and I believe it is fairly realistic. 
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(6) H(S;,,5,,;D,A3E) = 
[Y(t) — PD(t]e" + A(H[Q(t) — SEM) 
The problem equivalent to (5) is then, for 
eacht,’ 
(7a) = max H (si, Sm, D, A; E) 
with respect to Sm, D, and subject to: 
(7b) @H/@E = —dd/at 
(7c) OH/@d = dEfdt 
(7d) s,+5,-1=0 
(Je) PD-Y<0 
(7f) EMAMT) = 0,5, > 0,5, > 0,D>0 


A. Phase I 
While the student specializes in the pro- 


duction of human capital, the following 
conditions hold by definition 


(8a) 0< tS 4 
(8b) Y = ws,, + A 
(8c) Y = PD 

(8d) aY/aE = 0 

(8e) OY /dS, = W 

(8f) Sm 2 0 


During phase I all income comes from 
the allowance A plus earnings at the con- 
stant wage rate w and must be spent on 
purchased inputs to human capital pro- 
duction. Since all effort must be divided be- 
tween investment and market work, (5c), it 
follows immediately from (8b) and (8c) that 
the optimum quantity of purchased inputs 
is a linear function of s; 


pi-WtA 
(9) P 


for both cases. 


Wo d 





8See Michael Intriligator, pp. 344-53, or George 
Hadley and Murray C. Kemp, pp. 238-49, for useful 
discussions. The explicit recording of the dependent 
variable t is now dropped since the equations are be- 
coming more complicated. The reader is referred to 
Table 1 if there is any question about what is a func- 
tion of t. The details of the solution to problem (7) 
are available upon request. 
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The necessary conditions for the solution 
»f problem (7) imply 


wt+aA : 
ae if 8,A < Baw 
wy att ee NEA SO 
Si 
1 if, A > Baw 


For those students who work in the market 
he ratio of elasticities is given by 


By ws} 


11) B A+ Ws!, 
foregone earnings at wage w 


total income 


Both (10) and (11) provide opportunities 
o estimate the ratio 6, /6,. Estimates may 
»e obtained from (10) for a population by 
ogit analysis of the dichotomous choice of 
ndividual students to participate or not to 
»articipate in the market. Estimates may be 
ybtained from (11) for individual students 
vho do chose to participate in the market. 

During phase I the stock of human capi- 
al E/ and its shadow price are given by 


12) 


Fes qı El’! S qı =ô -81)t7 1/U-8)) 
E iS + ( o 5 Je ] 
ind 
13) = M(E; JE'f'e -ôl -2 tg- t) 


Che quantities E, and A,’ denote the values 
it t,, the age at which phase I ends, and E, 
lenotes the stock of human capital att = 0. 


B. Phase IT 


When the student quits specialization he 
1as to give up his allowance, but.he can 
then rent all of his human capital for the 
‘ate R. His wage rate is then RE instead of 
yeing restricted to w. Thus the following 
conditions define phase IT: 


14a) t <t<T 
14b) Y = 5,,RE 
eae boundary conditions are represented by A, and 


g: To obtain the solution for À we gm work ‘back 
rom t = T, since the final value is A(T) = 0. 
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(14c) Y > PD 
(14d) aY/dE = SpR 
(14e) aY/ds, = RE 
(14f) Sn > 0 


During phase II it is more convenient to 
write the solution'® in terms of K} = 
sl Et: 








L= e70 +AT 9) 1/å 
is). ke aja 
(15) lau r+6 
RB 
E!" 2K 
PB, 
E! E,e"* ty) 
1/å 
+ Gal] GeT» 
1 
[B0 ar a) Oira Ti a)! 
R 
AL = er] — e- C+T-Y) 
r+ 5° ( £ ) 


Making comparisons -between phases I 
and II, there is a striking contrast between 
the complexity of the expressions for E! 
and E”, and between à’ and A”. The reason 
for this is intuitively appealing. Since Æ is 
“tied” to E, at t = 0 at the beginning of 
phase I the identifying restriction on E must 
be carried forward through the switching 
point t, to identify E during phase II. The 
stock of human capital with which the 
maximizer starts is known; and while at any 
moment he could change phases he would 
have to start that new phase with the stock 
he has accumulated up to that moment. 

Conversely, À is tied to zero at t = T the 
end of phase II: “You can’t take it with 
you.” This identifying restriction on A must 
be carried back through the switching point 
t to identify À during phase I. At each mo- 
ment the value of an addition to the stock 


The beta function in (15) is Bla,B) = f} u act 
(i — u)®-! du and the incomplete beta P is 
Bap) = f? ut! — u)P! du for0 < vs 1. 
Karl Pearson tabulated the ratio B(v; æ, B)/B(a, 8). In 
computations of Æ! a series approximation to 
By; a, 8) is employed. 
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of human capital depends upon the use that 
will be made of it in the future. 


C. The End of the Phase of Specialization 


The maximum principle tells us that the 
maximizer can achieve his objective of 
equation (5) if at each moment he makes 
the choice to maximize H subject to the 
constraints shown in (7). The solutions 
satisfy the restrictions so the optimal cri- 
terion for switching phases is the moment 
the Hamiltonian for phase II exceeds the 
Hamiltonian for phase I. To determine the 
optimal switching point, only the compari- 
son of H'(t) and H(t) is needed (both are 
computed under the assumption the switch 
is made at t). 

Equating H'(t,) and H“(t,), and sub- 
stituting for Y, s,, D, E, and à into equa- 
tion (6), yields an implicit function in t,. 
Since there is no discontinuity in E or À, 
E(t,) is obtained from the phase I solution 
while A(t,) is obtained from the phase II 
solution."' However, Y, s;, and D are differ- 
ent for H’ and H”. Thus the implicit func- 
tion for t, is 


(16) H'(t,) — H¥"(t,) = 0 


Applying the implicit function differ- 
entiation theorem, it can be shown that for 
long work lives, t, varies inversely with E,. 


Similarly, it can be shown that t, varies in- 


versely with R if 6, < (r + ô)E,/Q}, i.e., 
persons with relatively low coefficients on 
own-human capital will leave school earlier 
as the postschool rental rate increases,’ 


The expressions are so complicated that I have 
been unsuccessful in attempts to determine analytically 
under what conditions dH; /dt < dH” jdt. However, 
numerical calculations with a Cobb-Douglas produc- 
tion function Q indicate that the Hamiltonians are 
well behaved in the empirically interesting range. It 
might be more realistic to require that t, come only 
at the ends of semesters or academic years. However, 
that restriction would carry us into discrete optimal 
control problems for which general analytical results 
are more difficult to obtain. The numerical calcula- 
tions obtain t, to the nearest hundreth of a year. 

12A necessary condition is too complicated to be of 
interest although for large values of T — t, it is not 
necessary for 8, to be “much” greater than (r + ô) 
E,/Qj,to cause ôt, /őR > 0. 
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Also, it can be shown that when the student 
is in the labor market the relative respon- 
siveness of t, to w and A is 


ot, {dw 8 A 
17 pite AAE E 2: 
a7) a+ 4) 


at, /3A 


which is always less than one. The response 
of t, to w would be negative if w were less 
than 6,A /ß2, and the student worked; but 
then the student would not work. Thus the 
response of t, to the in-school wage rate w 
is nonnegative but less than the responsive- 
ness to A. 

A series of numerical calculations of the 
optimal t, was performed to investigate the 
sensitivity of t, and income patterns to 
changes in the parameters and the initial 
conditions. The results are tabulated in an 
appendix available from the author upon 
request. These results indicate that increas- 
ing the Hicks-neutral ability parameter 6, 
has very little effect on t,; changes in t, re- 
sulting from changing 8, from 40 to 50 are 
within the range of computational impreci- 
sion. Increasing ability 8, increases earnings 
later in life, but has little effect before birth- 
day 25.'5 

Increasing the allowance A, other param- 
eters held constant, has opposite effects on 
earnings early and late in life. The higher 
the allowance the greater the earnings are 
between leaving school and birthday 35; 
but, earnings after 45 decrease with an in- 
crease in the allowance. Inducing a person 
of given ability to remain in school longer 
“twists” his lifetime earnings profile. 

Increasing 6, with f, + 8, = 0.5, i.e., in- 
creasing the relative productivity of pur- 
chased inputs, unambiguously reduces the 
years spent in school and the proportion of 
effort devoted to schooling while specializ- 
ing. 


IL Estimation of £; and 8, 


Even after assuming that the price of pur- 
chased inputs is a constant throughout life 


Here birthday is used to represent age in the popu- 
lar sense. In the calculations t = 0 was taken to be at 
birthday 18. 
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and that the parameters of the production 
function for human capital are also the 
same at each age, we still face the diffi- 
culties, practical and conceptual, of observ- 
ing the quantity D and price P of pur- 
chased inputs. Haley has responded to 
these difficulties by dropping purchased 
inputs from his production function. How- 
ever, if the aggregate data Haley uses repre- 
sent an optimizing individual, his estimate 
of the production function parameter, for 
s; or E(t) is an unbiased estimate of 
By + By." 

My criterion for entering the labor mar- 
ket while specializing offers promise of a 
second equation in 8, and 8,. Equation (11) 
says that a student should work if and only 
if 8,A < Baw. We can, by reasonable ques- 
tionnaires, find out if a student works any 
during the year or not, how much nonwage 
income he receives, and what he perceives 
to be his wage rate. Thus we might try to 
explain the dichotomous variable, work in 
the market, by the observed allowance (in- 
cluding state subsidies) and the potential 
wage rate while a student. Of course in the 
real world we don’t expect that choices are 
cut with that sharp a razor; tastes and in- 
formation differences will cause variation. 

Therefore the random utility model and 
conditional logit analysis is employed to 
estimate the response of labor force par- 
ticipation to changes in allowance and 
wages. Following Daniel McFadden (1973), 
an individual has a utility function 


(18) U = V(a,c) + e(a,x) 


where V is nonstachastic and is “repre- 
sentative” of the population, and e is the 
stochastic reflection of the idiosyncracies of 
the individual’s tastes for the available al- 
ternative with attribute x; and the individ- 


\4Suppose that the individual follows the criteria 
of equation (15). During phase II 
Q = Bo(B2R/B, PY? (s;E)f 182 
and when Haley estimates the parameters of 
Q = b,(s;E)° 


his estimates of b are unbiased estimates of 6; + 83 
as surely as they are unbiased estimates of b. 
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ual has measured attributes a. Assuming 
that V is linear in both the parameters and 
the variables x and a we would estimate 
the parameters of 


(19) Via,x) = Yo + VX +... + YmXm 
+ Ym+1å1 Frcs Ykåk-m 


from the observations on individuals.’ 

In our problem the x’s are measures of 
job and school characteristics; a, = A and 
a, = w, with the other a’s including such 
potential shifters as student loans, state , 
support of the school, work experience, 
marital status, scholastic aptitude, family 
income, etc. The formal model holds P and 
w constant. These additional variables are 
included in an informal attempt to hold 
relative prices constant between persons in 
the sample. Keep in mind that our model 
predicts that scholastic aptitude (as mea- 
sured by 6, and/or E,) should not affect 
the labor force participation decision in 
phase I. The estimates of the coefficients 
of A and w in equation (19) are not. direct 
estimates of 6, and 6.6 However the ratio 
of the y’s give estimates of the relative 


response to A and w so that we can obtain _. 


an estimate of 6, /b2. 

The data employed are from the ‘“Pre- 
liminary National Longitudinal Study: 
Class of 1971” (Research Triangle Institute, 
1975a). Of the 523 sampled persons from 
the high school graduating class of 1971, 
there are 105 usable returns for those who 
attended public four-year institutions in the 


15Asin ordinary least squares regression a crucial 
assumption is that the parameters are constants across 
the population; any changes are to be specified by 
some variable included in the model. Also, in logit re- 
gression the error terms are assumed to be of the same 
form (constant parameters) between populations. Be- 
cause of the power of our theory in giving two ways 
to estimate 6,/62 we have evidence that these two 
parameters are not constant across the entire popu- 
lation. The econometric problems thus presented are 
a subject for future research. 

16The magnitude of the y’s will depend upon the 
rate at which students respond to the criterion; if re- 
sponse were “perfect” according to the model, then 
participants and nonparticipants would be completely 
separated by the criterion and the estimation proce- 
dure would not yield finite estimates of the y’s. ' 
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fall of 1971. The variables used are defined 
in the footnote in Table 2. The indirect 
definition of market work is required be- 
cause responses to the direct question on 
work indicates that many respondents mis- 
interpreted the year to which the question 


One surprising result is that state aid to 
the institution shows an effect in the op-’ 
posite direction to direct aid to the student. 
It was thought that this result might have 
been a result of schools in larger urban cen- 
ters receiving more state support per stu- 








referred. dent. In larger cities, or cities with a smaller 
TABLE 2—SUMMARY OF LOGIT RESULTS 
Regression Number 
I 2 3 4 5 6 7 8 
a5=...= az = 
&g=... = as=...= ag=0 a age... ag =... 
Restriction ag = 90 ag = 0 ag=0 a&i = a ag = 0 ag=0 as,=0 ag=0 
Constant 0.2859 0.5391 0.4209 0.4196 0.6874 0.6137 0.8618 0.4007 
(ag) (0.6678)? (0.5100) (0.4975) (0.4995) (0.4255) (0.4173) (0.6739) (0.4983) 
Allowance ~ 0.3342 0.3586 —0.3777 —0.3846 —0.3332 —0.2845 —0.3588 — 0.3754 
(a1) (0.1449) (0.1388) (0.1379) (0.1362) (0.1298) (0.1214) (0.1456) (0.1386) 
Loans ~ 0.4102 ~ 0.4708 ~ 0.4957 —0.3846 — 0.4036 —0.4005 — 0.4834 
(a2) (0.3120) (0.3001) (0.2974) (0.1362) (0.2877) (0.3128) (0.2999) 
Wage 0.05217 0.05696 0.05578 0.05394 0.07236 0.05085 0.05762 0.05873 
(a3) (0.1015) (0.09533) (0.09506) (0.09533) (0.08912) (0.08769) (0.1006) (0.09521) 
State Aid 0.2093 0.2494 0.2753 0.2702 0.2052 0.2568 
(aq) (0.1796) (0.1825) (0.1810) (0.1810) (0.1855) (0.1886) 
S/C -0.3759 — 0.3200 
(a5) (0.3423) (0.3177) 
Sex 0.3506 0.3121 
(ag) (0.2463) (0.2402) 
Race 0.1469 —0.07562 
(a7) (0.4586) (0.4578) 
Marriage 0.1986 0.3101 
(ag) (0.3948) (0.3858) 
City Size 0.5610 0.3305 
(ag) (1.028) (0.9686) 
Log — 56.445 — 57.685 — 58.196 — 58.285 — 59.754 — 60.741 — 56.907 -58.136 
Likelihood 
x2 2.48 3.50 0.18 3.1160 5.09> 2.46 
df 3 4 1 I ; 2 3 
Comparison® 2tol 3tol 4to3 5to3 6 to 3 8to7 
61/82 =a;/03 n 641 6.30 6.77 7.13 4.60 5.59 6.23 6.39 


Note: To calculate probabilities, multiply coefficients by 2. 

2 Asymptotic standard error. 

b Significant at the 10 percent level. 

Identification of the regressions compared; for example, 2 to 1 means that regression number 2 is compared to regression num- 
ber L. 

Definition of Variables: 

Dependent variable (work) = | if the student reported financing of the first year of college from earnings while in school, sum- 
mer earnings, or savings and = 0 otherwise. 

A (allowance) = payments directly to the student of scholarships, grants, aid from other persons, and other aid, measured in 
thousands of dollars per year. 

Loans = sum of all classes of loans reported in thousands of dollars per year. 

w (wage) = (a) (2,000 x hourly wage)/1,000 if the student worked during October 1972 or if the most recent wage is reported. 
(b) (2,000 x estimated hourly wage)/1,000 where the wage is estimated by regressing the hourly wage or the sex, race, work in high 
school, and type of school attended by those reporting wage rates. 

State aid = the total state appropriation to the school attended divided by the number of students reported for that institution in 
thousands of dollars per year. 

S/C = student population divided by the population of the city in which the school is located. 

City size = the population of the city in which the school is located measured in thousands. 

Sex = Oif female, 1 if male. 

Race = 0 ifother, | if white. 

Marriage = 0 if married, | if single or separated. 
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student/population ratio (S/C), one would 
expect less effect of nonprice job rationing. 
The combination of these two effects as- 
sociated with city size might cause a spu- 
rious negative correlation between state aid 
and student labor force participation. Of 
the two variables tried, the S/C variable 
zntered with a statistically more significant 
soefficient than city size (compare regres- 
sions | and 7). However, neither variable 
significantly affected the magnitude or sig- 
nificance of the state aid variable. Thus we 
are left with a puzzle on the effect of state 
aid to the school on the labor force par- 
ticipation of the students. 

Allowance performs as expectéd. Increas- 
ing the allowance!’ decreases the probability 
of labor force participation and the effect is 
statistically significant. Surprisingly, loans 
have practically the same effect as grants. 
Regression 4 shows that there is no signifi- 
cant loss in the likelihood function from 
combining grants and loans; apparently the 
returns to schooling are sufficiently greater 
than the interest rate charged to make loans 
nearly equivalent to grants. Although the 
asymptotic standard error of the estimate 
of the wage coefficient is large, the esti- 
mated ratio 6,/8, is quite robust to chang- 
ing specifications. 

Equation (11) provides an alternative 
procedure to estimate 8,/8, for each in- 
dividual who works in the market while a 
student. The same data set provides ob- 
servations on 42 students for which equa- 
tion (11) could be employed. For these 42 
students the mean value of 6,/8, is 2.57 
with a standard error of 0.37 and the range 
is —0.134 to 12.714. Deleting the high and 
low outliers, the mean value of 8,/6, for 40 
students is 2.38 with a standard error of 
0.28 and the range is 0.311 to 7.71. There- 
fore these results indicate that working 
students have a lower than average coeffi- 


17Confining observations to students at public four- 
year institutions minimizes the potential problem 
which might arise from students getting a larger al- 
lowance as the result of a choice to attend a more 
expensive institution. The allowance may vary among 
otherwise identical individuals in the same way as 
family income. 
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cient on own-human capital relative to the 
coefficient on purchased inputs. Further- 
more, the relative importance of own- 
human capital and purchased inputs seems 
to be highly variable between persons.'® 


HI. Summary 


This paper explores the properties of a 
life cycle model of human capital accumula- 
tion under the assumptions that the in- 
dividual cannot borrow to finance his 
schooling, but may receive an allowance 
while specializing. This allowance is con- 
stant, regardless of the amount of human 
capital accumulated, and should be inter- 
preted to include subsidies to tuition as well 
as funds to cover a “subsistence” level of 
living. It is also assumed, realistically I 
think, that the specializing student cannot 
rent his human capital for the same rate as 
he could if he were not specializing. This 
produces the empirically familiar “notch” 
in the fraction of effort spent investing in 
human capital. 

Numerical estimates of the responsive- 
ness to changes in parameter values indi- 
cated that, in most cases, increasing the 
student wage had little effect on both time 
spent in school and income later in life. On 
the other hand, increasing the allowance 
did increase the time spent in school. How- 
ever, with ability and human capital endow- 
ment held constant, increasing the allow- 
ance “twisted” the lifetime earnings profile; 
increasing net earnings early in life but de- 
creasing net earnings past birthday 45. 

This model yields two results which pro- 
vide a basis for estimating the ratio 6,/8, 
from data on individual students. The 
Cobb-Douglas coefficient on own-human 
capital is 6, while the coefficient on pur- 
chased inputs is 6,. Data from a pre- 
liminary survey of the high school graduat- 


18Of course this finding may be an artifact of mis- 
specification. With these data we may be observing 
some effects of nonhomogeneity in human capital and 
purchased inputs. Allowing for multiple dimensions 
in E and D may result in different production func- 
tions for E during school and on-the-job training. 
See Heckman for a discussion of problems of different 
production functions. 
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ing class of 1971 are used. Logit analysis of 
the labor force participation decision of 105 
freshmen in state supported four-year col- 
leges and universities indicates that the 
mean value of 8,/8, is between 6 and 7. 
Estimation of 6,/8, for a subsample of 40 
working students yields a mean value of 
2.38 with a standard error of 0.28, indicat- 
ing that working and nonworking students 
may have different values of 6,/6,. It is 
also shown that Haley’s (1976) estimates of 
the returns to scale parameter in a model 
without purchased inputs is an unbiased 
estimate of 6, + £, as surely as it is an 
unbiased estimate of his parameter. Com- 
bining Haley’s estimate of 6,/8, with the 
estimates of 6,/6, can provide individual 
estimates of £, and £3. 
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The Estimation of Labor Supply Models 
Using Experimental Data 


By MICHAEL C. KEELEY, PHILIP K. ROBINS, 
ROBERT G. SPIEGELMAN, AND RICHARD W. WEST* 


For many years there has been interest 
in replacing the existing complex transfer 
system in the United States with a nation- 
wide negative income tax (NIT) program.! 
The feasibility and desirability of an NIT, 
however, depend on its effects on aggregate 
labor supply (and its cost). Interest in pre- 
dicting these aggregate effects has moti- 
vated considerable empirical research on 
labor supply. The first studies used existing 
data, usually cross-sectional, to estimate the 
parameters of labor supply functions.? Un- 
fortunately, the range of estimates in these 
studies is disturbingly large and of limited 
usefulness to policymakers.? Consequently, 
a new approach to labor supply research 


*Economists, SRI International. The research re- 
ported in this paper was performed under contracts 
with the states of Washington and Colorado, prime 
contractors for the Department of Health, Educa- 
tion, and Welfare, under contract numbers SRS-70-53 
and SRS-71-18, respectively. The opinions expressed 
in the paper are our own and should not be construed 
as representing the opinions or policies of the states of 
Washington or Colorado, or any agency of the U.S. 
government. An earlier version of this paper was pre- 
sented at the Summer 1976 meetings of the Econo- 
metric Society and in seminars at the National Bureau 
of Economic Research and Mathematica Policy Re- 
search. Jodie Allen, Yoram Barzel, David Betson, 
Michael Boskin, Glen Cain, Joseph Corbett, Irwin 
Garfinkel, David Greenberg, Terry Johnson, Richard 
Kaluzny, Richard Kasten, Robert Lerman, Stanley 
Masters, Myles Maxfield, Robert Moffit, Larry Orr, 
Harold Watts, and Robert Willis provided valuable 
comments on various drafts of this paper. We are, of 
course, solely responsible for the views presented and 
for any remaining errors. Helen Cohn, Diane Hollen- 
beck, Paul McElherne, Gary Stieger, and Steven 
Spickard provided expert prcgramming assistance. 

l Milton Friedman is usually credited with develop- 
ing the concept of a negative income tax. Robert 
Lampman and James Tobin (1965) among others also 
made early contributions to the concept. 

2An excellent collection of such studies is presented 
in Glen Cain and Harold Wetts. 

3See Keeley for a survey of these studies and a dis- 
cussion of some of the eccnometric difficulties that 
lead to such a wide range of estimates. 
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has been followed—social experimenta- 
tion.* 

Several experiments have been funded by 
the federal government to test the effects of 
alternative NIT programs on labor supply. 
The first experiment, the New Jersey Ex- 
periment, was conducted in New Jersey and 
Pennsylvania from 1968 to 1972. Other ex- 
periments have taken place in Gary, In- 
diana from 1970 to 1974, and in rural areas 
of Iowa and North Carolina from 1969 to 
1973. The largest and most comprehensive 
of these experiments began in 1971 in Se- 
attle, Washington and Denver, Colorado 
and is still taking place. 

In principle, a controlled experiment af- 
fords the opportunity to overcome most of 
the problems inherent in nonexperimental 
research, because in an experiment, the 
budget constraints of individuals are exog- 
enously shifted in a measurable way. In 
practice, however, the experiments have 
been beset with their own unique set of 
econometric problems. These problems in- 
clude the nonrandom assignment of experi- 
mental treatment, small samples, truncation 
of response, limited duration, participation 
in other welfare programs both before and 
during the experiment by sample members, 
and the selection of nonrepresentative 
samples.® 

In this paper, a methodology is presented 
that attempts to deal with these problems. 
Experimental data from the Seattle and 


4Heather Ross (1966) is credited with first con- 
ceiving the idea of an NIT experiment. Guy Orcutt and 
Alice Orcutt (1968) first published a paper outlining an 
experimental design. 

5The New Jersey Experiment is described in David 
Kershaw and Jerilyn Fair. Watts and Albert Rees 
(1977a,b) and Joseph Pechman and P. Michael 
Timpane present the results from this experiment. 

6See Henry Aaron, Keeley, and Keeley and Robins 
for a critical discussion of many of these problems. 
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Denver Income Maintenance Experiments 
(SIME/DIME) are used to estimate the 
` parameters of a labor supply function.’ 
These parameters are then used to predict 
the nationwide labor supply effects of alter- 
native NIT programs. 

The empirical response function esti- 
mated measures the change in labor supply 
over a two-year period. The Tobit method is 
used to estimate equations for single female 
heads of families, husbands, and wives. 
Nationwide aggregate labor supply re- 
sponses to six alternative NIT programs are 
predicted by applying the response function 
to data from the March 1975 Current 
Population Survey. 

The plan of the paper is as follows: Sec- 
tion I describes an experimental NIT pro- 
gram; Section II presents a theoretical 
model of the labor supply response to an 
NIT; Section II] specifies the empirical 
model; Section IV presents the empirical 
results; Section V discusses policy implica- 
tions; and Section VI presents the summary 
and conclusions. 


I. Description of an Experimental 
NIT Program 


An NIT program is characterized by a 
support (or guarantee) level S, and a tax 
rate £.. The support level is the grant pro- 
vided when other income is zero, and the 
tax rate is the rate at which the grant de- 
clines as other income increases. In a con- 
trolled NIT experiment, an effort is made 
to ensure that the influence of other tax and 
transfer programs is eliminated. Public 
transfers, therefore, are fully taxed, and 
positive taxes are reimbursed. Conse- 
quently, the payment a person receives de- 
pends on gross income and both experi- 
mental and nonexperimental tax rates. 

For this discussion, it is assumed that 
nonexperimental net nonwage income (in- 
cluding public transfers) is zero and that 
both the nonexperimental and experimental 
tax rates are constant. These assumptions 
are relaxed in the empirical analysis. The 


7For a description of SIME/DIME, see Mordecai 
Kurz and Spiegelman (1971, 1972). 
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payment P associated with a particular NI7 
program is determined as follows: 


(1) P= 
eure: CS aay >t] 
0 ifS + Y <t} 


where ¢, is the nonexperimental tax rate anc 
Y is gross income. The payment, if positive, 
is equal to the grant S — 1, Y, plus the posi- 
tive tax reimbursement t,, Y. 

Figure 1 shows a graph of the nonexperi- 
mental budget line (line ABT) and the ex- 
perimental budget line (line ABE) of an in- 
dividual enrolled in an NIT program. Point 
B, where the two budget lines intersect, is 
the point at which the payment becomes 
zero and is known as the tax break-even 
level. The tax break-even level of income, 
given by S/(t, — t,), may be contrasted with 
the grant break-even level of income, giver 
by S/t,. The grant break-even level is the 
level of income at which the NIT grani 
(S — t, Y) becomes zero. 

The program support level S is designated 
by the line ET. Under the assumption that 
the nonexperimental tax rate, t„, is less thar 
the tax rate of the NIT program under con- 
sideration, ¢,, the absolute value of the 
slope of the new budget line (ABE) to the 
right of B is reduced. 

The Seattle and Denver Income Main- 
tenance Experiments are testing eleven dif- 
ferent NIT programs. The programs are de- 
scribed in Table 1. A feature of SIME/ 
DIME that distinguishes it from the other 
NIT experiments is the testing of programs 
in which the marginal tax rate declines as 
income increases. Families in SIME /DIME 
are enrolled for either three or five years.' 
Different durations are being tested, because 
of difficulties in inferring permanent effects 
from experiments of finite length. According 
to Charles Metcalf, substitution and income 
effects should vary according to the length 
of the experiment. In our empirical analysis. 
we formally test for such differences. The 
results of these tests are presented in Sec- 
tion IV. 


8A small number of families are enrolled for 
twenty years bet are not considered in this study. 
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Total Time Available H, = 
Tax Break-even Level Lp = 
S = Support Level Le = 
Initial Hours Worked 


oon a ou 


Final Hours Worked 


Initial Leisure Consumed 
Final Leisure Consumed 


Le 


T LEISURE =L 


Hp #T-Ly H,= T-L; He” T-Le 


FIGURE |. AN EXPERIMENTAL NIT PROGRAM 


TABLE 1— PROGRAMS BEING TESTED IN THE SEATTLE AND DENVER 
INCOME MAINTENANCE EXPERIMENTS 


Rate of Decline of 


Support 
Level 


per $1,000 of Income 


$3,800 
3,800 
3,800 
3,800 
4,800 
4,800 
4,800 
4,800 
5,600 
5,600 
5,600 


Note: The figures for the support level, the grant break-even level, and the tax break- 


Initial 
Tax Rate 


00 Wa th a ath oo u N ia 


(1971 Dollars) 


Average Tax Rate 


0 
0 
025 
025 
0 
0 
.025 
.025 
0 
0 
025 


Grant 
Break-Even 
Level 


$ 7,600 
5,429 
7,367 
5,802 
9,600 
6,867 

12,000 
8,000 
11,200 
8,000 
10,360 


Tax 
Break-Even 
Level 


$10,250 
6,350 


even level are in 1971 dollars and are for a family of four with only one earner and no 


income outside of earnings. Adjustments are made to these figures for family size 
and for changes in the cost of living over time. Positive tax reimbursements include ' 
the federal income tax and social security taxes. The federal income tax assumes the 
family takes the standard deduction. State income taxes, which are relevant only for 


the Denver Experiment (there is no state income tax in Washington), are ignored in 
calculating the tax break-even level. Thus, the tax break-even level is slightly higher 
for the Denver Experiment. 
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Il. Theoretical Analysis of the Labor Supply 
Response to an NIT Program 


A. The Model 


It is assumed that each individual maxi- 
mizes a well-behaved utility function, 
U(L, Y,), where L is leisure and Y; is con- 
sumption of market goods (or disposable 
income) subject to the budget constraint 


(2) FewT+Y,=wlh+/Y, 


where F is full income, w is the net wage 
rate, T is total time available, and Y, is net 
nonwage income. Utility maximization im- 
plies that the individual has a labor supply 
function H = H(w,Y,), where H = T — L is 
hours of work. Totally differentiating the 
labor supply function and substituting in 
the Slutsky equation’ gives 


ôH 
oY, 
= adw + B(Hdw + dY,) 





3) dH =2f | .aw+ 94 (Haw + dY,) 
ðw | u 


where U is utility, œ is the substitution ef- 
fect, and @ is the income effect.!° The term 
Hdw + dY, is the total differential of dis- 
posable income, holding constant the initial 
supply of labor H. 

The model given by equation (3) is speci- 
fied in terms of unobservable differential 
changes. The differential change model im- 
plies that each individual’s point of com- 
pensation should be his or her initial equi- 
librium labor supply. If differences in initial 


The Slutsky equation decomposes the total effect 
of a wage change on labor supply into a substitution 
effect and an income effect: 


OH _ ôH ig; guid 
ðw ðwjy oY, 


10For a family with more than one potential earner, 
the equation can be generalized to include cross- 
substitution effects. In our empirical formulation of 
this model, it is assumed that cross-substitution effects 
are zero, partly because the net wage changes of both 
spouses are highly correlated and their effects are 
difficult to distinguish empirically. An attempt to 
apply this model to nonexperimental cross-sectional 
data is presented in Orley Ashenfelter and James 
Heckman (1973, 1974). See, however, the critique of 
Jonathan Dickinson (1977). 


labor supply across individuals are the restu 
of differences in equilibrium or permane: 
labor supply, each person should be con 
pensated at his or her initial position. In o1 
application of the model, we follow th 
compensation procedure.!! To measure sul 
stitution and income effects empiricall 
finite differences are used to approxima 
the unobservable differential changes. | 
discrete form, the model described in equ: 
tion (3) becomes: 


(4) AH = aAw + B(H,A4w + AY,) = 
adw + BAY,(H 


where AY,(H,) is the change in disposab 
income of an individual, holding consta 
his or her initial labor supply H,. 


B. Analyzing the Response 
to an NIT Program 


Equation (4) states that the effects of shif 
in the budget constraint on labor supply cé 
be decomposed into a substitution effec 
which depends on the change in the n 
wage rate Aw, and an income effect, whic 
depends on the change in disposable incon 
evaluated at initial hours of work, AY,(H, 
For a person placed on an experiment 
NIT program, Aw is equal to the gross wa; 
rate times the difference between the pr 
experimental and experimental tax rates 
and AY,(H,) is equal to the payment tl 
person would receive if initial labor supp 
were maintained. Referring again to Figu 
1, consider a person below the break-eve 
level who is in equilibrium at point Z befo 
the imposition of an NIT program. TI 
change in the quantity of leisure demand 
is comprised of a substitution effect (L, 
L,) holding disposable income constant 
initial labor supply, and an income effe 
(L, — L,) holding relative prices (i.e., tl 


Nf differences in initial labor supply are pure 
transitory, then such a procedure is not appropria 
because initial labor supply is not at an equilibriu 
position. Compensation at the initial position, ho 
ever, ensures that the point of compensation is n 
endogenous. 

12This assumes that the gross wage rate is unz 
fected by the program. 
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wage rate relative to the price of goods) 
zonstant.3 Disposable income is held con- 
stant by rotating the budget line through 
the initial equilibrium point Z, where, at 
the new net wage rate and new monetary 
full income, the consumer could still pur- 
chase the initial consumption bundle. 

The analysis thus far focuses on the re- 
sponse of a given individual to a particular 
program. Because of differences in tastes or 

ther unmeasured variables, however, there 
s considerable heterogeneity of the initial 
quilibrium positions of individuals.“ In 
act, the best empirical labor supply equa- 
ions explain only about 20-30 percent of 
he variance in labor supply. This suggests 
hat on a given budget line there is a dis- 
ribution of initial equilibrium positions. 
‘or simplicity, it is assumed that this dis- 
ribution is the result of differences in tastes. 
Because separate responses resulting from 
ompensated wage changes and income 
hanges are not observed for each person 
only total response that results from both 
hanges is observed),'® some a priori restric- 
ion is needed to identify the model so that 
1come and substitution effects can be 
ieasured empirically. The restriction we 
npose is to assume that different individuals 
ave equal substitution effects and equal in- 
ome effects at their initial equilibrium 
sitions." If, in fact, income and substitu- 
ion effects differ among individuals, the 


'3This is the Slutsky, as opposed to the Hicks, de- 
omposition. 

'4See Robert Hall (1975), and Heckman and 
obert Willis for a discussion of heterogeneity. 

15See Cain and Watts for a sampling of typical 
ross-section labor supply equations. These studies, 
owever, analyze a measure of labor supply that does 
ot correspond strictly to our concept of equilibrium 
ibor supply. Instead, the studies use current labor 
upply, which is the sum of permanent or equilibrium 
ibor supply, a transitory component, and a life cycle 
omponent. 

16For persons at the tax break-even level initially, 
otal response is a result of the (Slutsky) substitution 
fect, 

i17 Although it may appear that we are assuming 
onstant substitution and income effects for each per- 
on, this is not the case; indeed, it is impossible to 
ave a labor supply function with constant income 
nd substitution effects (see, for example, Dickinson, 
975, p. 31). 
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empirical method used measures average 
income and substitution effects in the 
sample. 

The assumptions underlying this model 
are different from those implicit in most 
cross-sectional studies.!® Instead of assum- 
ing that each person has the same preference 
structure, it is assumed that differences in 
taste are reflected in differences in initial 
equilibrium labor supply, after controlling 
for differences in budget constraints. There- 
fore, there is no single utility function that 
is consistent with the model, although each 
person is assumed to maximize a well- 
behaved utility function. 


C. Implications of the Model 


The assumption that different individuals 
have equal substitution and income effects 
implies that response to a given NIT pro- 
gram depends on the initial equilibrium 
position. For example, a person with low 
income experiences a considerable change 
in disposable income and net wage rate, and 
a large response is expected. On the other 
hand, a person initially at the break-even 
level experiences a change only in the net 
wage rate. Response for this person consists 
only of a (Slutsky) substitution effect and is 
therefore smaller. Next, consider a person 
above the break-even level. This person ex- 
periences changes in disposable income and 
the net wage rate only if the elasticity of 
substitution in consumption is sufficiently 
large that the indifference curve through the 
initial point intersects the NIT segment of 
the new budget line. Thus, for a person 
initially above the break-even level, we 
would expect a very small probability of 
response. Finally, consider an individual 
who is not working: this person experiences 
a considerable change in disposable income 
and net wage rate, but has zero response.'? 


18It might be noted that the model described in this 
paper cannot be estimated using cross-sectional data. 
In a cross section, only one equilibrium position is ob- 
served, and the model is not identified. 

'9Response is subject to truncation because, at 
most, a person can reduce hours to zero. The estima- 
tion technique we employ accounts for this problem. 
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Thus, response depends on the initial equi- 
librium position.” 

Differences in response to an NIT pro- 
gram arise, not because persons with dif- 
ferent tastes for work have inherently 
different responses to changes in disposable 
income or net wage rates, but because in- 
dividuals with different propensities to work 
(different initial equilibria on a given budget 
constraint) are offered different inducements 
to change their behavior. Those with the 
smallest propensities to work experience the 
largest changes in income. 

A final implication of this model is that 
theory-free response models that compare 
the average response of persons on different 
programs are not meaningful. The reason for 
this is that persons with higher incomes (and 
therefore higher labor supplies) are assigned 
to the more generous programs in order to 
reduce the average cost of an observation.?! 
Thus, because both response and assign- 
ment to program depend on the initial 
position, biased measures of program dif- 
ferences are obtained.” The response model 
used, however, controls for the nonrandom 
assignment by allowing response to be a 
function of preexperimental labor supply 
and by directly measuring the change in 
budget constraints caused by the NIT. 


HI. Empirical Specification 


To estimate equation (4), data on heads 
of families in SIME/DIME are used. The 
change in labor supply AH, is equal to 
hours of work in the second year of the ex- 


2Note that in a typical cross-sectional model, 
where it is assumed that gross wage effects and income 
effects are constant, response would not depend on 
the initial position (below break even and ignoring 
truncation), because the changes in nonwage income 
and the net wage rate do not depend on the initial 
position. 

21Simple random assignment is not used in any of 
the NIT experiments. See John Conlisk and Kurz, 
and Keeley and Robins for a description of the 
SIME/DIME assignment model. 

221f program dummy variables were interacted 
with all assignment variables, unbiased estimates of 
response could be obtained. Such a model would have 
far too many parameters, however, to be estimated 
with precision using our sample. See Spiegelman and 
West. 
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periment H,, minus hours of work in the 
year prior to the experiment H,. The re 
sponse variables, Aw and AY,(H,), depenc 
on the particular budget constraint, and on 
the preprogram equilibrium position. For 
reasons described below, several modifica; 
tions are made to this equation regardin 
functional form, additional variable: 
missing data on wage rates for nonworkers 
and nonlinearity of the budget constraints. 


A. The Role of Control Families 


Approximately 45 percent of the familie 
in SIME/DIME serve as controls and ar 
not eligible for payments. For these familie: 
it is assumed that Aw and AY,(H,) ar 
zero. Control families are included in th 
sample, however, to increase the efficienc 
of the estimated treatment effects.” Ef 
ficiency is increased because factors othe 
than the experiment (such as changing eco 
nomic conditions) cause labor supply t 
change over time. The inclusion of contro 
families in the sample enables us to make: 
more precise distinction between experi 
mental and nonexperimental effects. Vari 
ables used in this study to measure non 
experimental effects are called contrc 
variables. The control variables include a. 
variables that affect assignment to exper! 
mental treatments.” 


B. Calculating the Change in 
Disposable Income 


The change in disposable income evalu 
ated at the initial equilibrium hours of wor. 


23Changes in the control budget constraints th: 
have zero mean and are uncorrelated with the var 
ables in the equation would not affect the consistenc 
of the estimates. 

24A comparison of least squares estimates for hu 
bands, including and excluding control families, in 
dicates that the coefficients of AY4(H,) and Aw diff 
by less than 10 percent, while the standard errors a) 
16 percent larger when controls are excluded. 

25The control variables include eight dummy var 
ables for normal income categories, dummy variabk 
for race (black/white) and site (Seattle/Denver), ag 
number of family members, number of children unde 
5 years of age, and Aid to Families with Depender 
Children (AF.DC) benefits in the year prior to enrol 
ment. 
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is given by 
(5) AY,(H,) = Ya (Hp) — Yap(Hp) 


where Y,,(H,) is disposable income evalu- 
ated at H, under the NIT, and Y,,(H,) is 
disposable income evaluated at H, before 
the NIT. For this study, AY,(H,) is calcu- 
lated on the basis of earnings and nonwage 
income in the year before enrollment in the 
experiment.” Thus, AY,(H,) depends on 
both transitory and permanent components 
of labor supply. In theory, the change in 
disposable income should be measured at 
normal or permanent labor supply. Because 
there is likely to be a transitory component 
in our measure of labor supply, our esti- 
mate of the income effect will be biased be- 
cause of the presence of errors in variables.” 
In a lengthier version of this paper avail- 
able from the authors upon request, the bias 
is discussed and it is shown that the bias is 
not likely to be large if preexperimental 
labor supply is included on the right-hand 
side of the equation. For this reason, H, is 


26AY4(H,) = S — SR100 — .5(SR50 — SA50) — 
[t — r(¥ - EY — E) + Q, where S is the support 
level, z is the initial tax rate, and r is the rate of decline 
of the average tax rate. The term SR100 represents 
items taxed at 100 percent: bonus value of food 
stamps, welfare benefits other than AFDC, unem- 
ployment and workmen’s compensation, veteran’s 
survivors and disability benefits, training stipends net 
of tuition, fees and books, and social security bene- 
fits. The term SR50 represents items taxes at 50 per- 
cent: alimony and child support received and other 
support received. The term SA5O represents items 
reimbursed at 50 percent: alimony and child support 
paid and other support paid. The term Y represents 
items taxed as income: earnings, insurance benefits, 
pensions and annuities, payments from private dis- 
ability plans, and a fraction of net worth. The term 
E represents items subtracted from income: child care 
expenses, care for the aged, and medical expenses. The 
term Q represents items reimbursed at 100 percent: 
federal and state income taxes and social security 
taxes. If AY,(H,) > 0, a family is defined as being 
below the tax break-even level; it is set equal to zero 
for families above the tax break-even level. Families 
receiving AFDC benefits prior to the experiment are 
required to give up their AFDC status in order to 
receive NIT payments. We subtract preexperimental 
AFDC benefits from AY,(H,) for families below the 
tax break-even level. 

27The substitution effect would also be biased to the 
extent that the preexperimental tax rate depends on 
preexperimental labor supply. i 
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included among the explanatory variables, 
and H, is used as the dependent variable. 


C. Calculating the Change in the 
Net Wage Rate 


The change in the net wage rate is given 
by 


(6) Aw = - Wht, — t,) 


where W is the gross wage rate, t, is the ex- 
perimental tax rate, and ż, is the preexperi- 
mental tax rate. In calculating this variable 
from SIME/DIME data, two problems 
arise. First, the preexperimental tax func- 
tion and many of the experimental tax 
functions are non-linear. Second, wage 
rates are not observed for nonworkers. 

As mentioned earlier, a feature of SIME/ 
DIME is the testing of declining tax rate 
programs. The effect of the declining tax 
rate programs is to make the experimental 
tax rate źż, an endogenous variable that de- 
pends on labor supply. To purge the tax 
rate of this endogeneity, we linearize the 
budget constraint around the preexperi- 
mental point and treat the individual as if 
he or she were on the tangent linear budget 
constraint. This procedure is deficient in 
that all final equilibrium points are not on 
the linearized budget constraint, although 
the rate of decline of the tax rate is small. 
Furthermore, because the experimental 
budget set is nonconvex for families on the 
declining tax rate programs, and because 
small changes in nonconvex budget sets 
may lead to large changes in behavior, the 
linearization may not be a reasonable ap- 
proximation to the true budget set. To ac- 
count for the linearization procedure during 
estimation, we include a dummy variable 
for persons on the declining tax rate pro- 
grams. 

The preexperimental budget constraint is 
also non-linear, because of the progressivity 
of the positive income tax system and the 
interrelations among tax rates in income- 
conditioned public transfer programs. En- 
dogeneity is not a problem, however, be- 
cause preexperimental labor supply is pre- 
determined. The preexperimental tax rates 
are derived on the basis of preexperimental 
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income and participation in certain income- 
conditioned tax and transfer programs. The 
income-conditioned programs we consider 
include federal and state income taxes, 
social security taxes, AFDC, Aid to Fami- 
lies with Dependent Children-Unemployed 
Parent (AFDC-UP), and Food Stamps. The 
tax rates are derived in accordance with the 


tax laws and the administrative regulations . 


of the public transfer programs.” 

Because wage rates are not observed for 
nonworkers, a wage equation is estimated 
for workers based on personal characteristics, 
and the equation is used to predict wage 
rates for the entire sample.” A variety of 
different wage equations can be specified; 
the wage equation we estimate is a simple 
linear formulation based on the human 
capital model of Jacob Mincer.® The 
change in the net wage Aw is calculated as 
the product of the predicted wage rate and 
the difference between the linearized pre- 
experimental and experimental tax rates. 
Like AY,(H,), Aw is set equal to zero for 
persons above the tax break-even level. 


28See Kurz et al. for a discussion of how the positive 
tax rates are derived, and Maxfield for a discussion of 
how the transfer program tax rates are derived. There 
is some evidence that legal tax rates are an over- 
estimate of the effective tax rates of public transfer 
programs. Legal tax rates are used in this paper be- 
cause they are used in the computer program that 
extrapolates the experimental results to the national 
population. 

29This approach follows Hall (1973) and Edward 
Kalachek and Frederick Raines. Reuben Gronau and 
Heckman (1974) demonstrate that the wage equa- 
tion approach yields biased estimates for nonworkers, 
and they develop alternative estimation procedures. 
However, in this paper, the substitution effect is esti- 
mated as the coefficient of the change in the net wage 
rather than the coefficient of the gross wage rate. It 
is unlikely that small biases in estimating gross wages 
significantly affect the change variable, which depends 
primarily on the difference between the experimental 
and preexperimental tax rates. In a recent paper, 
Heckman (1976) finds that in a national sample of 
white married women (the National Longitudinal 
Survey) the selectivity bias in wage rates is quantita- 
tively small. 

30The estimated wage equations are 


= —.071B + .033E + .061X — .00106x? 
(.051) (012)  (.008) (.00018) 


+ 2.340 for husbands 
(172) 
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D. Additional Experimental Variables 


Certain families on SIME/DIME are en- 
rolled in manpower programs that provide 
counseling and subsidize training and edu- 
cational activities?! To capture the effects 
of the three manpower programs of the ex- 
periment, dummy variables for each pro- 
gram are included in the empirical specifica- 
tion. 

Many of the enrolled families are initially 
above the tax break-even level.*? Even 
though the calculated values of Aw and 
AY,(H,) are zero for families with preex- 
perimental equilibria above the tax break- 
even level, some of these families will re- 
spond to the experiment.” Response above 
the break-even level is measured by defining 
three explanatory variables that capture the 
location of the family relative to the break- 
even level: a dummy variable signifying 
whether or not the family is above the 
break-even level, the break-even level of the 


W = 800B+.110E + .036¥ — .00073X7 


(049) (.014) (008)  (.00020) 
+ .590 for wives 
(.192) 
W = .010B+.102E + .045X — .00098X? 
(.045) (.013) (009) (.00021) 
+ .816 for female heads of households 
(.183) 


where B is a dummy variable for race (black = 1), Æ is 
years of schooling, and X is experience (defined as age 
minus years of schooling minus 5). Standard errors are 
in parentheses. The R’s are .112, .048, and .116, re- 
spectively. Because the variance of Aw would be 
dominated by the change in the tax rate no matter 
how complicated the wage equation, the results using 
a more complicated wage equation are likely to be 
similar to the results reported in this paper. 

31See Kurz and Spiegelman (1971, 1972) for a 
description of the manpower component of SIME/ 
DIME. 

32Based on preexperimental income, 10 percent of 
the single-parent headed families and 20 percent of 
the double-parent headed families in SIME/DIME 
are above the tax break-even level. 

33Under the assumption that substitution effects are 
constant, it can be shown that families above the tax 
break-even level will respond only if income in excess 
of the break-even level is less than half of the absolute 
value of the change in income they would experience if 
they did respond (see Robins and West). 
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family earnings, and the amount of family 
earnings above the break-even level.*4 


E. Estimation Procedure 


Because H, cannot take on negative values 
and because there are numerous observa- 
tions where H, = 0, estimation of the model 
by ordinary least squares would yield in- 
consistent coefficient estimates. Further- 
more, the estimates would be inefficient be- 
cause the error term is heteroscedastic. To 
account for these statistical problems, we 
use a tobit model, which is designed to 
handle cases where the dependent variable 
is truncated normal.” The Tobit model may 
be written as 


(7) H, = max[by + 5, H, + bC 
+ b;M + bsAY,H,) + b;Aw 
+ b,FABOVE + b,BREAK 
+ bsEARNABV 
+ b,DECLINE + e, 0] 


where H, = experimental hours of work 
H, = preexperimental hours of 

work 
C = vector of control variables 


z 
] 


= vector of manpower treat- 
ment variables 

AY,(H,) = change in disposable in- 

come evaluated at pre- 

experimental labor sup- 

ply (thousands of dollars 

per year) 


34Qur specification of these above break-even vari- 
ables is likely to suffer from errors of measurement 
of the same type as those present in, AY,(H,). To 
some extent, however, the procedure used to account 
for errors of measurement in AY,(H,) should also 
account for this type of measurement error. The pri- 
mary cause of bias in the above break-even variables 
is probably misclassification of persons who are near 
the break-even level preexperimentally; the specifica- 
tion would thus lead to overestimation of effects 
above the break-even level and underestimation of 
effects below the break-even level. In another paper, 
Robins and West present a model that unifies the 
response above and below the break-even level and 
find that the results are similar to those presented in 
this paper. 

35See Takeshi Amemiya or Tobin (1958) cor a dis- 
cussion of the Tobit model. 
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Aw = change in the net wage 
rate (dollars per hour) 

FABOVE = dummy variable for per- 

sons above the tax break- 
even level 
BREAK = break-even level of earn- 
ings (thousands of dollars 
per year) 

family earnings above the 

break-even level (thou- 

sands of dollars per 
year) 

dummy variable for per- 

sons on the declining tax 

rate programs. 

e = random error term, as- 
sumed to be distributed 
normally with variance 
a”. 


‘EARNABV 


ll 


DECLINE 


i 


The b; and o? are estimated by maximum 
likelihood using an iterative-maximization 


” technique. 


The parameters in a Tobit model cannot 
be interpreted in the same way as the 
parameters in a linear model. In a linear 
model, the treatment parameters are in- 
terpreted as the average response of the 
population to the imposition of a negative 
income tax. In a Tobit model, the treatment 
parameters give the average response only 
of persons who have nonzero labor sup- 
plies (interior solutions) before and after 
the imposition of a negative income tax. 
The response of all other persons is some- 
what smaller in magnitude than that of per- 
sons with interior solutions because of the 
lower bound on the dependent variable. 
The coefficients of AY,(H,) and Aw, how- 
ever, can be interpreted as income and sub- 
stitution effects for persons with interior 
solutions before and after the NIT program 
is implemented. 

This empirical specification eliminates 
many of the problems associated with 
measuring the response to an NIT program. 
Nonrandom assignment by family income 
is taken into account because the response 
is allowed to vary with preexperimental in- 
come, which is the major assignment vari- 
able. Heterogeneity is partially controlled 
because individuals with identical budget 
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TABLE 2—-ESTIMATED EXPERIMENTAL EFFECTS ON LABOR SUPPLY 

















(Tobit Estimates) 
Coefficient 
Independent Variable Husbands Wives Female Heads 
Below break-even 
AY,(H,) —34.4 — 142.9¢ —101.1° 
: (27.3) (44.4) (39.4) 
Aw 83.2? 168.62 125.88 
(37.1) (91.2) (65.9) 
Above break-even 
FABOVE' ~12.7 — 430.84 — 344.8 
(174.6) (255.6) (291.3) 
BREAK -5.5 8.3 73.2 
(21.1) (29.5) (64.7) 
EARNABV 11.5 47.5 35.1 
(27.3) (42.0) (55.6) 
DECLINE — 86.3 119.5 21.8 
(48.4) (78.1) (73.2) 
x? 21.55¢ 26.84° 20.24° 
S 720 1,086 990 
= (14) (28) (25) 
H, 1,736 659 975 
(825) (825) (935) 
N 1,592 1,698 1,358 








Notes: Standard errors in parentheses; x? is the chi-square test for treatment effects 
(6 degrees of freedom); S is the standard error of estimate; H, is the mean of the de- 
pendent variable, hours of work per year in the second year of the experiment; N is 
the sample size. 

alndicates significance at 10 percent level. 

bIndicates significance at 5 percent level. 

Indicates significance at | percent level. 


constraints are allowed to respond dif- 
ferently. Preexperimental participation in 
other welfare programs is taken into account 
by including welfare income and tax rates 
in the definitions of the changes in dis- 
posable income and net wage rates. Finally, 
the estimation of substitution and income 
effects enables the prediction of labor supply 
response to NIT programs other than the 
ones being tested in SIME/DIME. 


IV. Results 


The sample consists of a subset of origi- 
nally enrolled black and white family heads 
who remained in SIME/DIME for at least 
two years and for whom data were avail- 
able at the time this study was undertaken.** 


36A bout 800 Mexican-Americans are enrolled in the 
Denver Experiment but are excluded from the analysis 
in this paper because data were not available for them 


The empirical model is estimated separately 
for female heads of households and for 
husbands and wives in two-parent headed 
households. The subgroups for analysis are 
defined as of the date of enrollment regard- 
less of changes in marital status. This ap- 
proach is used so that the estimates are not 
conditional on unchanged marital status. 


when this study was undertaken. It has turned out to 
be a rather difficult task to build computer software 
that converts data from interview form into analytical 
files with reasonable flexibility and generality at low 
cost. SRI International is now in the process of build- 
ing such computer software and processing interview 
data into a data management system. This system will 
enable users to construct their own analytical files 
from the basic data. When this data base system is 
complete, the Department of Health, Education, and 
Welfare, which is funding SIME/ DIME, will release 
a public use file. In the interim, a copy of the data tape 
used for the analysis presented in this paper is avail- 
able on request (at a nominal cost to cover copying 
and documentation). 
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TABLE 3— TESTS OF SITE, RACE, AND 
EXPERIMENTAL DURATION DIFFERENCES IN RESPONSE 





Female 
Husbands Wives Heads 
Site test 53 Al 1.12 
Race test 1.70 52 1.34 
Experimental 
duration test 93 1.53 Al 


Notes: Tests are based on ordinary least squares esti- 
mates, The race and site tests are performed by inter- 
acting each experimental variable with race and site 
dummies. The experimental duration test is performed 
by interacting Aw and AY,(H,) with dummy variables 
for the three- and five-year programs, The coefficients 
of control variables are constrained to be the same in 
the tests. Numbers given are F-ratios with 6 and N de- 
grees of freedom for the race and site tests, and 2 and 
N degrees of freedom for the experimental duration 
tests, where N is the sample size. 


Table 2 displays the Tobit estimates for 
the experimental variables.” In Table 3, the 
results of tests of differences in response by 
race, experimental site, and experimental 
duration are presented. The various tests 
are performed using ordinary least squares 
to reduce computational expense. 

For each group, there are statistically sig- 
nificant experimental effects on labor sup- 
ply. The income effects are negative and 
statistically significant for wives and female 
heads, and the substitution effects are posi- 
tive and statistically significant for all three 
groups. The F-statistics for site and race 
differences are not significant, implying that 
the hypotheses of equal experimental effects 


37The results for the control and manpower vari- 
ables are in an appendix available upon request from 
the authors. 
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in Seattle and Denver and for blacks and 
whites cannot be rejected. The tests of dif- 
ferent substitution and income effects for 
persons on the three- and five-year experi- 
mental programs are not statistically sig- 
nificant; however, for all three groups, the 
substitution effect is larger and the income 
effect is smaller for persons on the three- 
year programs, a result consistent with the 
predictions of the model developed by Met- 
calf. For families above the tax break- 
even level, only wives appear to be re- 
sponding to the experiment. All three groups 
exhibit a response above the break-even level 
that declines in absolute value with distance 
from the break-even level.” 

Table 4 presents estimated substitution 
and income effects evaluated at the sample 
means for persons below the break-even 
level who are working in both the pre- 
experimental and experimental periods (for 
example, persons for whom H, > 0 and 
H, > 0). 

The estimated effects at the sample means 


38SIME/DIME is uniquely structured to test the 
effects of experimental duration on behavioral re- 
sponse. Studies devoted to this issue are currently 
being undertaken. 

39 Because the functional form used for the experi- 
mental response could be considered fairly restrictive, 
we have estimated several less restricted versions of the 
model, These versions include the following sets of 
additional variables; 1) a dummy variable for having 
a financial treatment, 2) the change in the support 
level, 3) interactions of A Y4(H,) with preexperimental 
nonwelfare income, and 4) interactions of Aw and 
AY,(H,) with DECLINE. Out of twelve tests of the 
null hypotheses that these additional variables have 
zero coefficients, only one, the test of 1) for wives, is 
significant at the 5 percent level; all the others are not 
significant at the 10 percent level. 


TABLE 4—SUBSTITUTION AND INCOME EFFECTS AT THE MEAN 
(Estimated Asymptotic Standard Errors in Parentheses) 


Husbands Wives Female Heads 
Substitution effect at the —55.7 — 63.8 —59.1 
mean (b, Aw) (24.9) (34.7) (31.0) 
Income effect at the mean —47.1 — 198.6 —117.3 
[544 Ya (H ,)] (37.4) (61.7) (45.7) 
Total effect at the mean — 102.8 —262.4 — 176.4 
(33.0) (55.1) (43.6) 
Mean hours of work in 
preexperimental period (Ë p) 1,922 1,194 1,577 
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indicate a substantial disincentive effect, 
particularly for women. In percentage terms, 
the effects are —5.3 percent for husbands, 
— 22.0 percent for wives, and — 11.2 percent 
for female heads of families. It is important 
to note that these effects are based on mean 
changes in disposable income and net wage 
rates that result from the set of programs 
being tested in SIME/DIME, rather than 
from any single NIT program. 


V. Implications of the Results 
for a Nationwide NIT Program 


One of the primary reasons for under- 
taking the NIT experiments is to provide 
policymakers with estimates of the labor 
supply effects of a nationwide NIT pro- 
gram. The model developed in this paper 
can be used to predict the labor supply ef- 
fects of a variety of nationwide N/T pro- 
grams, including programs that are different 
from those being tested in the experiments. 

We use the March 1975 Current Popula- 
tion Survey (CPS) to generate nationwide 
predictions.” The CPS is a weighted ran- 
dom sample of the U.S. population and 
contains information on about 50,000 
households.“ The predictions are derived 
by applying the estimated response function 
to each individual and then summing the 
estimated responses over all individuals. 
Only the responses of heads of families be- 
tween the ages of 18 and 58 are considered; 
nonheads of households, households with 
only one member, and the elderly are 
omitted from the analysis. 

Predictions are generated for six different 
NIT programs. The six programs have con- 
stant tax rates of 50 and 70 percent and sup- 
port (guarantee) levels of 50, 75, and 100 
percent of the poverty level ($5,000 for a 
family of four in 1974). Because the poverty 
level increases with family size, the support 
level also increases with family size. The 
nominal support level is constant across re- 


40For a detailed description of the methodology 
used to generate the predictions, see Keeley et al. and 
Maxfield. 

41 The income data from the March 1975 CPS are 
annual data for the year 1974. 
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gions, and the NIT program is assumed to 
replace the existing AFDC, AFDC-UP, and 
Food Stamp programs. All other nonlabor 
income is taxed by the program at a rate of 
100 percent. 

The predicted labor supply responses are 
presented in Table 5 and are reported in 
two ways: first, the average responses for all 
participating families; and second, the aver- 
age responses for the U.S. population. The 
average responses for the U.S. population 
include the responses of certain nonpar- 
ticipants, as well as the responses of par- 
ticipants. The nonparticipants who respond 
are families that previously received welfare 
benefits and are above the break-even level 
of the NIT program. These families increase 
their labor supply when the welfare pro- 
grams are replaced by the NIT program. 

In interpreting the results, it is important 
to keep in mind that the responses vary not 
only because of changing guarantee levels 
and tax rates, but also because of a chang- 
ing pool of participants. For example, as the 
tax rate increases (for a given guarantee), 
the pool of participants decreases. On the 
other hand, as the guarantee increases (for ° 
a given tax rate), the pool of participants 
increases. The manner in which the pools 
change depends on the distribution of in- 
come within the relevant population sub- 
group. 

For participating husband-wife families, 
the magnitudes of the average responses are 
positively associated with both the guarantee 
and the tax rate. For participating female- 
headed families, the responses are positively 
associated with the guarantee, but do not 
vary with the tax rate. For both groups, the 
results indicate fairly sizable reductions in 
labor supply, ranging from between 10 and 
21 percent for husband-wife families and 
between 0 and 15 percent for female-headed 
families. 

The average responses of the U.S. popu- 
lation are quite small relative to the average 
responses of participating families because 
most families in the United States do not 
choose to participate in the program. While 
the magnitudes of the average responses 
again increase with the guarantee (as they 
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TABLE 5— AVERAGE LABOR SUPPLY RESPONSES TO A NATIONWIDE NIT PROGRAM FOR 
= ALL PARTICIPATING FAMILIES AND FOR ALL FAMILIES IN THE UNITED STATES 




















Participating Families All Families 
NIT Change Percent Number of Change Percent 
Support Level in Hours? Change Families in Hours Change 
NIT Tax Rate 50 Percent 
50 Percent of Poverty Level? 
Husbands ~ 104 -7.0 -4 —0.2 
Wives —92 -23.3 -2 —0.3 
Total H/W —196 —10.3 2.4 —6 -0.2 
Female Heads 0 0.0 2.3 +16 +16 
15 Percent of Poverty Level? 
Husbands — 106 -5.9 -19 ~1.0 
Wives —110 —22.8 -19 —2.4 
Total H/W ~216 —9.5 7.6 -38 -~ 1.4 
Female Heads —47 —6.7 3.0 —23 -2.4 
100 Percent of Poverty Level? 
Husbands -119 —6.2 —47 -2.4 
Wives — 130 —22.7 —50 ~6.3 
Total H/W — 249 -10.0 15.7 —97 -3.5 
Female Heads -99 — 12.0 3.6 —69 -7.1 
NIT Tax Rate 70 Percent 
50 Percent of Poverty Level? 
Husbands — 136 — 10.8 -2 —0.! 
Wives =} —29.9 0 0.0 
Total H/W -247 -15.1 1.3 -2 —0.1 
Female Heads —10 —2.7 2.0 +20 +2.1 
75 Percent of Poverty Level? 
Husbands —157 —11.2 -9 —0.5 
Wives — 126 —32.5 -5 —0.6 
Total H/W — 283 —15.8 2.8 .—14 —0.5 
Female Heads —47 -9.3 2.5 -12 -1.2 
100 Percent of Poverty Level? 
Husbands —164 -10.1 —23 -1.2 
Wives —144 —32.0 -18 —2.3 
Total H/W — 308 —20.6 5.8 —4l ~1.5 
Female Heads ~95 -14.9 3.0 -52 -5.3 








Notes: Average hours of work per year for all husbands in the United States before response = 1,999. Average 
10urs of work per year for all wives in the United States before response = 793. Average hours of work per year 
‘or all female heads in the United States before response = 974. Total number of husband-wife families in the 
Jnited States = 39.8 million. Total number of female-headed families in the United States = 4.9 million. 

3 Poverty level was $5,000 per year for a family of four in 1974. 

b Average change in hours of work per year due to NIT. 

¢Shown in millions. 


jo for participants), they decrease with the 
‘ax rate for both groups. This inverse re- 
ationship between the average U.S. re- 
sponse and the tax rate is an interesting and VI. Summary and Conclusions 

yerhaps unexpected result that is a con- $ 
sequence of the fact that the number of par- Social experimentation is a relatively new 


wide NIT program is smaller under higher 
tax rate programs. 


‘icipants decreases by an amount large 
snough to offset the effect of a larger re- 
sponse among participants. Thus, we find 
‘hat the total disincentive effect of a nation- 


research tool that is being used to assess the 
behavioral effects and costs of alternative 
public transfer programs. Its success as a 
research tool depends on developing an 
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empirical framework that exploits the ad- 
vantages of experimental data (primarily, 
exogeneity of treatment) and at the same 
time accounts for the unique aspects of ex- 
perimental design that create problems in 
the analysis (namely, nonrandom assign- 
ment, nonrepresentative samples, limited 
duration, the presence of other welfare 
programs, etc.). 

In this paper, we present a framework for 
using experimental data to estimate the 
parameters of a labor supply response func- 
tion. The nationwide aggregate labor supply 
effects of alternative NIT programs are ob- 
tained by applying these parameter esti- 
mates to a national data base. The. results 
indicate that the labor supply responses to 
alternative nationwide NIT programs vary 
widely with the parameters of the program, 
and that for some programs, the aggregate 
labor supply responses are of considerable 
magnitude. 
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Public Utility Pricing under Risk: 
The Case of Self-Rationing 


By JOHN C. PANZAR AND DAVID S. SIBLEY* 


The existence of demand uncertainty 
poses important pricing and investment 
problems for planners of public enterprises. 
In particular, at given prices random surges 
in demand may exceed capacity. How then 
should price and capacity be set? The an- 
swer turns on how one assumes that capac- 
ity is rationed in the event of excess de- 
mand. Gardner Brown, Jr. and M. Bruce 
Johnson assumed that it could somehow be 
costlessly allocated among consumers on 
the basis of greatest willingness to pay. 
Under this assumption (and constant re- 
turns to scale) the welfare-maximizing price 
is simply equal to marginal operating cost, 
with the entire cost of capacity being born 
by the enterprise. 

The Brown-Johnson article has generated 
several comments, criticisms, and exten- 
sions, beginning with that of Ralph Turvey. 
Subsequent authors! have tended to focus 
on the rather optimistic nature of their ra- 
tioning assumption and the implications of 
the analysis for the financial viability of the 
firm. By modifying the assumptions about 
the way capacity is rationed, altering the 
analytical specification of the way uncer- 
tainty enters the demand function, and/or 
adding additional constraints to the prob- 
lem, various authors have succeeded in ob- 
taining “more palatable” solutions to the 
optimal pricing problem; that is, solutions 
in which the optimal price is greater than 
marginal operating cost. 

An important shortcoming of this line of 
research is the failure to deal explicitly with 


*Bell Laboratories and Council of Economic Ad- 
visors, respectively. The views expressed are our own 
and do not necessarily reflect those of the institutions 
with which we are affiliated. We would like to thank 
George Borts, Robert D. Willig, and an anonymous 
referee for helpful comments and suggestions. 

1§ee, for example: Dennis Carlton; Michael Crew 
and Paul Kleindorfer (1978); Robert Meyer; Roger 
Sherman and Michael Visscher; Visscher. 
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the details of the rationing process itself. 
Since, in the event of excess demand, it is 
always assumed that available capacity can 
be utilized, it is clear that the analysts do 
not have in mind the disastrous conse- 
quences of a system failure, such as the New 
York City blackout of 1977, which may re- 
sult when demand exceeds available capac- 
ity. In short, for the analysis to be relevant 
to the case of electric utilities, the literature 
has implicitly assumed that the utility is 
able to engage in some form of load man- 
agement that enables it to avoid system 
failure. 

Our appreach in this paper is to combine 
optimal pricing decisions with a rudi- 
mentary form of load management, similar 
to some which have been in use for many 
years in Europe.” Each consumer subscribes 
to a particular level of capacity before the 
state of nature is revealed. He pays a capac- 
ity charge for the amount he subscribes to, 
and a usage charge for each unit actually 
consumed. If (and only if) his usage exceeds 
his subscribed capacity, a circuit breaker, or 
fuse, activates, curtailing further consump- 
tion. Consumers differ according to their 
willingness to pay for power; those with 
relatively high willingness to pay would, 
presumably, purchase relatively large fuse 
sizes. At the opposite extreme one could 
imagine consumers who do not find it 
worthwhile to purchase power at all. 

The task of the utility in this setting is 
threefold: to set a usage price and a fuse 
price so as to maximize social welfare, while 
constructing enough capacity to meet the 
total required by consumers’ choices of fuse 
size. By doing so, it can avoid any risk of 
system failure due to demand surges; load 
management is achieved by a decentralized 
system in which consumers ration them- 
selves. 


2See Bridger Mitchell et al. for an interesting and 
thorough discussion of European pricing practices. 
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One might object that the usefulness of 
analyzing a rationing approach such as this 
depends crucially on whether or not the 
random variable entering demand is ob- 


servable. For example, if it is temperature, 


which the utility and its customers can all 
observe easily, then the firm can do at least 
as well or better by just publishing a tem- 
perature-dependent price schedule giving 
for each temperature the price which clears 
the market at the extant total capacity. 
However, in order to do this the firm must 
be able to estimate demand accurately at 
each temperature, and the data needed to 
do this do not exist, at least in the United 
States. Considerable debate exists about 
price elasticities even for annual electricity 
demand (see Lester Taylor et al.). To be 
sure, pricing experiments are underway to 
refine our knowledge of electricity demand, 
but new data will not be forthcoming for 
some years. In any case, these experiments 
are not designed to yield temperature- 
related demand data sufficiently fine that 
one could compute temperature-related price 
schedules having any claim to reliability at 
the temperature extremes for which ration- 
ing would be in effect. As will be seen, the 
self-rationing approach we analyze requires 
very little information to implement and 
will even achieve a full optimum when all 
consumers react “similarly” to changes in 
temperature. 


I. Consumer Behavior 


Because our analysis focuses on the deci- 
sions of individual consumers, we must 
somehow “get behind” the aggregate sto- 
chastic demand curves used by previous au- 
thors. We assume that individual consumers 
act to maximize expécted utility. There is a 
continuum of consumer types, each possess- 
ing a von Neumann-Morgenstern utility 
function U(q, Y, 1,6), where 


q = quantity of power consumed 

income available for expenditure on 
other commodities 

a random variable such as temperature 
index of consumer types. 


Ht 


t 
8 


The random variable temperature ¢e[t,, ty] 


i 
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has continuous density f(r); 0 has positive 
density g(6) for €[6,, 0y). 

The assumption that individuals max- 
imize expected utility, although standard, 
raises a problem in specifying the objective 
of the planner. Previous authors, working 
with aggregate stochastic demand func- 
tions, have taken total expected consumers’ 
surplus plus expected profits as their wel- 
fare measure. Such an objective is not 
necessarily compatible with expected utility 
maximization by individual consumers. One. 
alternative approach would be to specify a 
social welfare function defined over the 
utilities of individual consumers and profits, 
and maximize its expectation. However, in 
order to make our analysis more com- 
parable to the existing literature, we have 
chosen to impose a special form on U(-) 
which makes expected utility exactly equal 
to expected consumer’s surplus. The analy- 
sis can then be carried out entirely in an ex- 
pected surplus-maximizing format. Spe- 
cifically, we assume that U takes the form 


U(q. Y,t,0) = u(q,t,0) + Y 


Without further loss of generality, we can 
rewrite u(-) as 


u(q,t,0) = fi? P(q',t,0)dq’ 


where P(q,t, 6) is the marginal willingness- 
to-pay function (or, the inverse demand 
function) of a consumer of type 0, giving the 
amount he would be willing to pay for an 
additional unit of the good in question. We 
assume that P is twice continuously dif- 
ferentiable and that 


P, =$% <0, P= $F > 0, P, ôP. o 


Thus, the ultimate goal of the consumer is 
to maximize his expected consumer’s sur- 
plus under the following scenario: after the 
state of nature is realized the consumer is 
free to choose the amount of power he 
wishes to consume at a price p, so long as 
this does not exceed the size of the fuse (or 
circuit breaker) which he purchased before- 
hand at a price k per unit. 
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Key to our analysis is the ex post desired 
demand function giving the amount con- 
sumer 0 would consume in state of nature t 
at price p in the absence of a self-rationing 
constraint. The ex post demand comes from 
maximizing consumer’s surplus: 


max J P(q',t,0)dq' — pq 


{q 20} 


Necessary and sufficient conditions for a 
maximum at g* are 


(1) P(q*,t, 8) -pP = 0, q* = 0, 

q*-(P — p) = 90 
so that individuals consuming positive 
quantities do so up to the point at which 


willingness to pay for a marginal unit just 
equals price. For g* > 0, it is obvious that 





aq* I 6q* -P 
j OE i eee eae 
O, a> Ege op 

dq* — Fo 

Ls DE E 

0° PR 


Having derived the ex post desired de- 
mand function q*(p, t, 6), we may compute 
expected surplus when the consumer is con- 
strained. First, given any fuse size A, price 
p, and consumer type 6, there exists a state 
of nature ? at which desired demand just 
equals the capacity of the fuse: 


(3) q*(p,t,0) = A 


(equation (2) guarantees that Î is unique). 
Thus, fort < fconsumption is given by the 
desired demand qg*(p,t,@) and for t > 7, 
consumption is set equal to A. Expected 
surplus, then, is given by the expression 


(4) ES = fi [J Paqa — pq*] fat 
+ fet (ft Pdg - pA) fat - kA 


where, again, k is the unit price of fuse 
capacity. The first integral averages surplus 
in those states of nature in which rationing 
is not in effect (¢* < A) and the second 
integral averages surplus over states in 
which the th consumer is constrained by 
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the size of the fuse (circuit breaker) which 
he selected ex ante. 

The consumer, facing prices p and k, 
selects a fuse size A which maximizes his ex- 
pected surplus. Using the implicit function 
i(p, A, ®) defined by equation (3) the opti- 
mality conditions may be written 


OES 


O aa 


= h” [P(A*,t,0) — plf (nat 
-k30 
A* 2 0, A* SES han = 0 


where A* is the optimal fuse size. For 
A* > 0, equation (5) states that the con- 
sumer sets A* at the level for which the 
price of an increase in fuse size k equals the 
expected excess of willingness to pay over 
the price of consumption p. For A* > 0, 
equation (5) defines an implicit function 
A*(p,k, 6) with partial derivatives given by 





Gy ae FO) o 
Po fp dF) 
Dee ae <0 
= Ji” P dF 
a A* Ji” PdF sö 
k J 2P dF 


where F is the cumulative of f. 

An important implication of individual 
maximizing behavior is that all consumers 
choose to ration themselves in that, when- 
ever k is positive, they select a fuse size 
which is strictly less than their greatest 
possible desired demand; i.e., q*(p, ty, 0) > 
A*, To see this, note that (5) must hold with 
equality for all consumers who choose to 
purchase a positive fuse capacity. If A* were 
equal to g*(p,ty,,8), then, by definition, 
i(p, A*,0) = ty. From (5), this would imply 
that 0ES/dA = —k < 0, a contradiction. In 
other words, whenever fuses command a 
positive price, the consumer will not insure 
himself completely against the possibility of 
unsatisified desired demand. 
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II. Optimal Pricing 


We study a planner whose objective is 
assumed to be to maximize the sum of 
(total) consumers’ expected surplus plus ex- 
pected profits via appropriate choices of p 
and k. Following the literature, we assume 
that power is produced at a constant cost b 
per kilowatt hour, and capacity (in kilo- 
watts) costs 6 per unit installed. In our 
framework, the firm is committed to install 
capacity sufficient to cover the total of the 
maximum demands contracted for by each 
consumer, that is, productive capacity 
equals the total rated capacity of all fuses 
sold. Thus expected profits are given by 


(7) EN = fi" {I(p = b) 
i? q*(p,t, 0) f(t)dt + A* [1 — F(Q] 
+ (k — B)A*(p,k,0)}2(0)d0 


where 6 denotes the marginal participating 
consumer type; that is, those who would 
choose a fuse with zero capacity. The term 
in square brackets gives the expected profit 
from usage of the dth consumer, with con- 
sumption given by desired demand q*(p, t, 6) 
for: < 2(0) and by A* for t > 7(0). The 
second term inside the integral gives the net 
profit to the firm from consumer ĝ’s choice 
of fuse (circuit breaker) size. It will be no- 
tationally convenient to express total ex- 
pected profits as the sum of the expected 
profits resulting from serving each individual 
consumer. That is, 


(8) EI = J” ETL(6)g(6)d0 


where, obviously, EII(#) is just the inte- 
grand in (7). 

The planner’s decision problem can now 
be expressed as 


9 EW = f" [ES* 
(9) max, Si" (ES*(p, k,) 

+ EU(p, k, @))g(6)d6 
where ES*(p,k,@) is given by equation (4) 
with A = A*, Differentiating with respect 


to p and k we obtain the necessary condi- 
tions 
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JEW 
10 
ao) 9m 


+ Ji OS Odi + aan - F(f) 


+ (p- b) fi if fÒdt 


+ AT Kp - DiI- FO) 
P 
+ (k — B)]} a (0)d0 — [ES*(ĝ) 


+ EN(6y}g(6) 7 <0 


= Jf ee 
6 


p> 0, 


(11) Ta 


+ ((p = bU - FO] + & - 6) 2AT 
+ A*}g(8)d@ — a 
+ ORO res 0 


= h" ETN 


JEW 
“ak 


In writing (10) and (11) we have made ex- 
tensive use of the definitional equation (3). 
We begin to simplify by noting that by 
definition of 6, ES*(6) and EII(6) are both 
equal to zero. (Obviously an individual who 
chooses to purchase a fuse of zero capacity 
neither receives a surplus nor makes any 
contribution to profits.) Noting from the 
definition of ZS* that 


ð ES* 


k > 0, 


=0 














ak = a A=A* = —A*¥ 
aES* akS| 
ap = Az=-A = 


- Si q*f(tdt — A*[L - FO), 
we rewrite (10) and (11) as follows: 
aD SE Ki tp ~ b) Si foat 
0A* 
+S We ~ ol ~ FO) 
+ (k — B)}g(@)d0 < 0, 


p2= 0, poe 


dp 


= 0 
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EW 
ok 


+ (k - B® gas < 0 


(13) = h” p- D- FA] 


k20, 


Inspection of equations (12) and (13) re- 
veals that these Kuhn-Tucker necessary 
conditions are satisfied by setting p = b and 
k = 8. To show that this is the only (p, k) 
pair which satisfies the necessary conditions 
is surprisingly somewhat complicated. That 
demonstration is relegated to the Appendix. 
Thus we have derived the intuitive result 
that the welfare-maximizing firm should 
charge marginal cost for both energy and 
fuses. 

One way of looking at our approach 
comes from realizing that two complemen- 
tary commodities are being consumed in 
our formulation of the problem: q itself, 
and insurance against being rationed. In 
this two-good model, if we look for an op- 
timal price for each good, we should not be 
surprised by marginal cost prices. That is, 
clearly, what we get for the usage charge p. 
As for the “insurance” good, the cost to 
consumer @ of increasing his “coverage” by 
one unit is just 8, the cost of increasing total 
capacity so as to increase ‘A*(#). Visscher, 
for example, has only one price for the two 
“goods”; his usage charge for q reflects the 
rationing uncertainty imposed on con- 
sumers by his random and inverse rationing 
schemes, as well as the demand for q itself. 
That his optimal price is not a marginal cost 
price should not be surprising.’ 


Ill. Self-Rationing and Welfare 


While the optimal prices in our self- 
rationing model have the intuitively ap- 
pealing property of equaling the relevant 
marginal costs, we have not yet discussed 
how the maximized level of welfare com- 


3See M. G. Marchand for a “two-price” model of 
electric utility pricing under uncertainty which is simi- 
lar to ours. 0 
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pares to the maximum maximorum which 
could be attained if ex post rationing via 
greatest willingness to pay could in fact be 
accomplished costlessly. In general, our 
self-rationing scheme will result in a lower 
level of welfare. One obvious cause is that 
for a given realization of t some consumers 
may be constrained by their fuse while 
others still have some unutilized capacity. If 
available capacity could be costlessly allo- 
cated ex posit, mutually advantageous 
“trades” could be effected in such a situa- 
tion. Secondly, even when the realization of 
t is great enough so that all consumers are 
constrained by their fuses, there is nothing 
in our proposed solution that, in general, 
requires that marginal willingness to pay is 
equated across all consumers. If it is not, 
then we again have the potential for a wel- 
fare improvement if available capacity could 
be costlessly reallocated. 

However, there does exist a broad class 
of consumer preferences under which the 
self-rationing approach does yield a full 
welfare optimum. This will occur whenever 
the marginal willingness to pay function is 
weakly separable in q and 8; i.e., when it 
can be expressed in the form 


(14) PQ, 6, t) = TIA(q, 4), t] 


The behavioral import of (14) is that con- 
sumers are similar in the way in which tem- 
perature changes affect their preferences. 

In order to demonstrate our optimality 
result, we first show that all consumers be- 
come constrained by their fuses at precisely 
the same temperature when (14) holds. 
Equation (3) implicitly defines this critical 
temperature Î p, 4,0). Use of the implicit 
function theorem and (2) readily establishes 


(ey ae a 
ðA P,’ 30 P, 


When consumers select their fuse size opti- 
mally, A* depends upon 6; thus we must 
look at the total derivatives of ¢ with respect 
to 6: 


dê _ a? aA* , a? 
d0 ðA ð ð 
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Upon substituting (6) and (15), this be- 
comes 


ffi PdF, P, 


dî , = Pe 
a $- TE n 


dô 


where all functions are evaluated atq = A*. 
When P takes the separable form in (14), 
(16) becomes 


di Th, 


d «iT; 


] =0 
hiJ” T\aF Th 





where the subscripts 1 and 2 refer to partial 
differentiation of k and T with respect to 
their first and second arguments. 

Thus, we have met the first objection to 
the potential optimality of the self-rationing 
approach; there will be no temperature such 
that some consumers are being rationed 
while other have spare fuse capacity. The 
second objection was based on the familiar 
optimality requirement that any available 
quantity of a good must be allocated so that 
marginal willingness to pay is equal across 
all individuals receiving a positive alloca- 
tion. In the self-rationing model, this con- 
dition is assured by equation (1) for all 
realized z < Î. (When no one is rationed, all 
consumers equate their marginal willingness 
to pay to price.) For realized temperatures 
greater than 7, we must examine the total 
derivative of P(A*(p, k, 8), t, 0) with respect 
to 0; i.e., 


dP oA* 
i de «ag 
Using (6) and exactly the same steps and 
substitutions as above, it is easy to show 
that dP/d@ is equal to zero when (14) per- 
tains. 

It is also required that consumers who re- 
ceive a zero allocation (in the self-rationing 
model, those who chose not to purchase a 
fuse) have an initial marginal willingness to 
pay no greater than the (equated) level of 
participating consumers. This condition is 
clearly satisfied by our assumption that P, 


PANZAR AND SIBLEY: SELF-RATIONING 893 


is positive, since this implies that, for all 
0 < Band te[t,, ty], P(O, 0, t) < P(0, 6, t), 
the level of the marginal willingness-to-pay 
function of the marginal participating con- 
sumer.’ 

Thus, it has been shown that, when con- 
sumers are “similar,” the self-rationing ap- 
proach leads to the fulfillment of those con- 
ditions which are necessary for any available 
level of capacity to be optimally allocated 
ex post. (We assume that said conditions 
are also sufficient.) All that remains to be 
shown is that the /evel of total capacity se- 
lected by consumers under the optimal self- 
rationing prices is in fact optimal. The 
easiest way to accomplish this is to demon- 
strate that capacity is the same as would be 
chosen in the simple Brown-Johnson (here- 
after B-J) model, because if rationing ac- 
cording to greatest willingness to pay could 
indeed be costlessly accomplished, their 
approach would characterize the optimal 
capacity choice. 

We proceed by setting p = b, since that is 
the optimal policy in both models. Let Z be 
the optimal level of capacity in the B-J 
model. Select that fuse price kz which re- 
sults in Z being the total fuse capacity sub- 
scribed to by consumers.’ Given weak 
separability, it has been demonstrated that 
the self-rationing scheme results in an opti- 
mal ex post allocation of any level of avail- 
able capacity (including Z) whatever the 
actual temperature. Therefore, expected 
consumers’ plus producer’s surplus under a 
self-rationing scheme with p = b and k = 
kz must be exactly equal to the B-J opti- 
mum. (Analysis of the relevant first-order 
conditions would, of course, reveal that 
kz must equal 6. Fortunately, we do not 
need to undertake that task to establish the 
result.) 


4Since A*(p,k, 6) = 0 by definition, we know from 
07 that P(0, 6, t) = P[A*(p,k, 0), 0, t] for all @ > ĝ. 

5When k — œ, the size of total fuse subscriptions 
approaches zero. When k = 0, all consumers will sub- 
scribe to an arbitrarily large level of fuse capacity. 
Since from (6) we know that A* is continuous in k, it 
must therefore, be possible to achieve any finite level 
of subscribed capacity (such as Z) via an appropriate 
choice of k. 
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IV. Implications and Conclusions 


We have developed and analyzed a frame- 
work for optimal public utility pricing un- 
der risk which, while of basically the same 
structure as that in the literature, has a 
number of advantages over previous studies: 

1) We solved for optimal prices p and k 
without resort to special (and restrictive) 
assumptions about the way uncertainty en- 
ters the demand function, whereas previous 
work has dealt exclusively with additive and 
multiplicative specifications. This may seem 
merely a technical nicety, but, as Dennis 
Carlton has recently demonstrated, the 
choice of specification can often make a 
substantial qualitative as well as quantitative 
difference in one’s results. Our analysis is 
valid for any (monotonic) specification of 
uncertainty. 

2) Much of the criticism of Brown and 
Johnson’s analysis has focused on the fact 
that, at their optimum, the firm makes cer- 
tain losses equal to the entire cost of ca- 
pacity. Under our scheme, the firm makes a 
certain profit of zero at the optimum; direct 
sales of q just cover operating costs, and 
revenues from sales of fuses just cover total 
capacity costs. In their original article, and 
(more specifically) in their response to 
Visscher, B-J suggested that the firm’s losses 
could be recouped through the formation of 
a “futures market” for productive capacity. 
The present formulation can be viewed as 
accomplishing the solvency objective di- 
rectly through self-rationing without ap- 
peal to “perfect risk or futures markets.” 

3) The problem of specifying the way 
available capacity will be rationed when 
demand exceeds capacity has caused great 
difficulties in the literature. Visscher rightly 
criticized Brown and Johnson for the un- 
reasonableness of their assumption that 


6Carlton has shown that when the aggregate sto- 
chastic demand curve is multiplicatively separable in 
price and temperature, optimal pricing with random 
(inverse willingness to pay) rationing results in zero 
(positive) expected profits for the firm. Thus a shift 
from an additive to a multiplicative functional form 
eliminates the need for the second best analysis of 
Sherman and Visscher. 


DECEMBER 1978 


available capacity could be costlessly ra- 
tioned according to greatest willingness to 
pay. However, even Visscher’s frameworks 
of random and inverse willingness-to-pay 
rationing may be too optimistic. In the case 
of electric power, for example, it is quite 
possible that the whole system may go 
down when demand exceeds capacity. The 
self-rationing framework avoids this dif- 
ficulty. All that is required is that individuals 
understand the limitations imposed by their 
fuses. 

4) The informational requirements of 
the present approach are minimal. Unlike 
earlier studies, where the firm must have 
complete information about consumer 
preferences in order to determine the opti- 
mal levels of capacity and (sometimes) 
price, in the self-rationing framework the 
firm needs to know only its own technologi- 
cal parameters. The self-interest seeking 
consumers do the rest. 

We conclude with some suggestions for 
further research. It is clearly important to 
incorporate multiple periods into the analy- 
sis, since different users may have widely 
different time patterns of demand, and it 
would seem silly to allow an insomniac to 
“blow his fuse” at 4 A.M. It would also be 
desirable to analyze more flexible schemes, 
which might allow an individual to exceed 
his fuse by paying a surcharge, or allow the 
firm more discretion in the amount of ca- 
pacity it actually installs. In addition, more 
sophisticated load management techniques 
may make relevant the analysis of addi- 
tional innovative pricing schemes. Finally, 
an effort should be made to extend this kind 
of analysis to deal with the variable pro- 
portions productive technologies analyzed 
by Crew and Kleindorfer (1976), John 
Wenders, and Panzar in a peak load pricing 
context.’ 


APPENDIX 


Clearly k cannot be zero at the optimum, 
for with a zero fuse price all consumers 


7See Robert Dansby and Derek McKay for analyses 
which attempt to incorporate these complications. 
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would choose a fuse at least as large as de- 
sired consumption at ży. Thus 1 — F{?(@)} 
would equal zero for ail 6, and (13) would 
reduce to 





i * 
a leno = -A Ji" AT g(0)ao < 0 


which cannot be satisfied (@A*/dk — —o as 
k — 0). Since the optimal k must be positive, 
we can solve (13) and obtain 


(Al (k= 8) = 
(p ~ b) fi" 1 — FOI E g(ayas 


Sin E i 8(6)d0 
From (6), we note that 
az “an - rey 
P 


Substituting (A1) and (A2) into (12) yields 





OES ? @A* 
A = CSU 
- f(Odt g(0)d0 + —_# j <9 
6H 0A* 
ô aR g(t)dé 
JEW 
p20, ap = 
where 
ara Foy g(0)d6] 


[fin * 2(6)d0] — [Jj [1 — FO] 


„a g(0)d0]? 


which is nonnegative by the Cauchy- 
Schwartz inequality. Thus the bracketed 
term in (A3) is negative, and the inequalities 
can be satisified only if p = b. Substituting 
this result into (A1) yields k = £. 


PANZAR AND SIBLEY: SELF-RATIONING 895 


REFERENCES 


G. Brown, Jr. and M. B. Johnson, “Public 
Utility Pricing and Output Under Risk,” 
Amer. Econ. Rev., Mar. 1969, 59, 119-28. 

D. Carlton, “Pricing with Stochastic De- 
mand,” Amer. Econ. Rev., Dec. 1977, 67, 
1006-10. 

M. A. Crew and P. R. Kleindorfer, “Peak Load 
Pricing with a Diverse Technology,” Bell 
J. Econ., Spring 1976, 7, 207-31. 

and , ‘Reliability and Public 
Utility Pricing,” Amer. Econ. Rev., Mar. 
1978, 68, 31-40. 

R. E. Dansby, “Interruptible Service Op- 
tions,” unpublished paper, Bell Labora- 
tories 1978. 

M. G. Marchand, “Pricing Power Supplied on 
an Interruptible Basis,” Euro. Econ. Rev., 
July 1974, 5, 263-74. 

D. McKay, “Two Essays on the Economics 
of Electricity Supply,” unpublished doc- 
toral dissertation, California Instit. Tech- 
nology 1977. 

R. A. Meyer, “Monopoly Pricing and Ca- 
pacity Choice Under Uncertainty,” Amer. 
Econ. Rev., June 1975, 65, 326-37. 

Bridger Mitchell et al., Peak Load Pricing: 
European Lessons for U.S. Energy Policy, 
Cambridge, Mass. 1978. 

J. C. Panzar, “A Neoclassical Approach to 
Peak Load Pricing,” Bell J. Econ., 
Autumn 1976, 7, 521-30. 

R. Sherman and M. Visscher, ‘‘Second Best 
Pricing with Stochastic Demand,” Amer. 
Econ. Rev., Mar. 1978, 68, 41-53. 

Lester Taylor et al., The Residential Demand 
for Energy, Palo Alto 1977. 

R. Turvey, “Public Utility Pricing and Out- 
put under Risk: Comment,” Amer. Econ. 
Rev., June 1970, 60, 485-86. 

M. Visscher, ““Welfare-Maximizing Price and 
Output with Stochastic Demand: Com- 
ment,” Amer. Econ. Rev., Mar. 1973, 63, 
224-29. 

J. T. Wenders, “Peak Load Pricing in the 
Electric Utility Industry,” Bell J. Econ., 
Spring 1976, 7,232-41. 








A Generalized Model of Spatial Competition 


By DENNIS R. CAPOZZA AND ROBERT VAN ORDER* 


Recent research on the theory of the firm 
in economic space (for example, see M. L. 
Greenhut, M. Hwang, and H. Ohta, 1975; 
Capozza and Kazem Attaran) has argued 
that in a spatial context many of the con- 
clusions of classical price theory are re- 
versed, Since most firms operate in a spatial 
rather than a nonspatial environment, the 
result has far reaching implications. For ex- 
ample, Greenhut, Hwang, and Ohta have 
shown that some forms of (spatial) compe- 
tition will result in higher prices than those 
realized under (spatial) monopoly. Capozza 
and Attaran have shown that spatial com- 
parative statics can be different from non- 
spatial. In particular, cost increases (fixed, 
marginal, or transport) may cause lower 
market equilibrium prices. 

Many of the spatial results appear to be 
sensitive to the assumption made concern- 
ing competition among firms (see Greenhut, 
Hwang, and Ohta, 1975; the authors, 
1977a, b). The purpose of this paper is to in- 
vestigate the extent to which spatial price 
theory replicates the results of classical 
price theory when there is free entry. To this 
end we analyze in detail two models of loca- 
tion under free entry which differ primarily 
in their assumption about price competi- 
tion. An important aspect of the analysis is 
the use of the second model as a basis for 
analyzing monopolistic competition. In- 
deed, we believe that monopolistic com- 
petition can best be viewed as a result of the 
spatial dimension and that the results of 
monopolistic competition should be derived 
accordingly. 

The traditional model of spatial competi- 
tion follows the assumption in location 
theory (see, for example, Edwin Mills and 
Michael Lav; Martin Beckmann; Greenhut 


*University of Southern California and Department 
of Housing and Urban Development, respectively. We 
are indebted to anonymous readers for helpful com- 
ments. 
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and Ohta; John Hartwick; Nicholas Stern 
among many others) that firms set price as 
if they are monopolists within their market 
area. In this paper a second model is de- 
veloped from an assumption about pricing 
that is similar to that assumed by Harold 
Hotelling and followed by Arthur N. 
Smithies in the analysis of spatial duopoly. 
Under the Hotelling assumption each firm 
conjectures that all other firms will leave 
their price unchanged.' We believe that this 
assumption is closer to the way firms be- 
have in most real world situations. A third 
assumption developed by Greenhut and 
Ohta is also analyzed. 

To preview the conclusions, we find that 
many of the perverse results found in spatial 
price theory using the traditional assump- 
tion are also found in the second model 
using the Hotelling monopolistic competi- 
tion assumption, but usually as special ex- 
treme cases. Thus while we are not able to 
rule out all perverse spatial results, we are 
able to show that the conditions under which 
they are likely to be realized are much more 
restrictive than earlier believed. The second 
model also leads to a generalized class of 
models encompassing a wide range of com- 
petitive reactions. 

In the next section we consider the re- 
lationship between space and the theory of 
the firm. In addition we list the character- 
istics that we think reasonable spatial 
models should possess; these are subse- 
quently used in discussing alternative 
models. The second section outlines the 
standard assumptions of location models 
and discusses the possible price reactions. 
The third and fourth sections analyze the 
two models. Finally, the last two sections 
present and evaluate a generalization of the 
earlier results. 


i The term “zero conjectural variation” is sometimes 
used to describe this assumption, see, for example, 
B. Curtis Eaton and Richard Lipsey. 
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I. Spatial Microeconomics 


Before developing any spatial model, it is 
vorthwhile to inquire into the relationship 
yetween spatial and nonspatial micro- 
xconomics. There are two essential dis- 
inguishing features of spatial competition. 
Che first is transportation cost. If trans- 
»ortation were costless, firms would have 
10 protection from spatially separated 
ivals. A firm 1,000 miles away would be 
ust as formidable a competitor as one next 
loor. As a result, space would be of no con- 
iequence; firms might as well all be located 
yn the head of a pin, perfect competition 
vould prevail. Transport cost gives the 
ipatial firm its monopoly power over custo- 
ners close to it. 

The second essential feature is that aver- 
ige cost curves must be downward sloping 
»ver some range. The curve may have the 
iegative slope, for instance, either because 
here are some fixed costs or because there 
ire economies of scale in production. If 
iverage cost curves are nonnegatively sloped 
hroughout the range, there will be no ad- 
vantage to concentrating production at 
ipecific locations. Each consumer could 
»roduce his required consumption just as 
cheaply as any concentrated firm, and again 
ipatial competition would disappear. 

If either of the above features fails to 
iold in practice, there is no need for a 
patial model. In fact, both are characteristic 
f most real world industries; but that is not 
he interesting point for model building. 
Che issue that must be raised here is that 
1onspatial perfect competition would ap- 
year to be essentially a special case of im- 
verfect spatial competition that arises if 
rither of the above features is absent. There- 
‘ore, we should expect a reasonable spatial 
nodel to behave like the perfect competi- 
ion model in the limit. In particular, we 
‘hould expect the following characteristics: 

1) As transport costs approach zero, 
yerfect competition should be approached 
ind price should approach marginal cost. 

2) As fixed costs approach zero, con- 
‘entrated production is less essential; spatial 
nonopoly power is diminished; and again 
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price should approach marginal cost. 


The above would have to hold for a model 
to be valid over a wide range of values. In 
addition to 1) and 2), we might also expect 
that, at least for some values of the parame- 
ters (i.e., low transport and low fixed costs), 
the model should obey the intuitively ap- 
pealing properties of nonspatial competitive 
theory that: 

3) As costs (fixed, marginal, or trans- 
portation) rise, price should rise. 

4) As demand density rises, firms 
should be able to take advantage of econo- 
mies of scale. Price should fall in the long 
run. 

5) As more firms enter the industry, 
there should be increased competition and 
price should fall. 

The most widely used Léschian model of 
location violates all of the above. The in- 
consistencies of the Léschian model can be 
attributed to the fact that it is a special ex- 
treme case of a more general class of loca- 
tion models. In the next section we begin 
to develop the models. 


II. The Assumptions of Location Models 
under Free Entry 


Following the writings of August Lésch 
a somewhat standard set of assumptions 
has evolved for partial equilibrium models 
of location with free entry. We accept most 
of these, including: 


ASSUMPTION 1: There is a single com- 
modity that can be produced in two-dimen- 
sional space with the same cost function (i.e., 
ubiquitous resources and technology). 


ASSUMPTION 2: The cost function has 
constant marginal and fixed costs 


(1) C=f+cX 


where X = output; C = production cost; 
J = fixed cost; c = marginal cost. 


ASSUMPTION 3: Transport cost per 
mile is identical between any two points and 
equal to t units per mile. 
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ASSUMPTION 4: Potential consumers 
occupy a homogeneous unbounded plain at 
uniform density D. 


ASSUMPTION 5: All consumers are 
identical and have a demand curve that is 
linear in delivered price (p + tu). 


(2) x =a — b(p + tu) 


where p = the mill price; x = demand per 
consumer; u = distance to the firm; and 
a, b > 0. There is no price discrimination. 
Firms set the mili price, and transportation 
costs are paid by the consumer. 


ASSUMPTION 6: Firms continue to en- 
ter until profits for all firms are driven to 
zero. 


To the above we add: 


ASSUMPTION 7: All market areas are 
circular. 


As is well known, circles will not cover a 
plane while hexagons will; however, the 
analysis of hexagonal market areas is not 
materially different. Extension to hexagonal 
areas is straightforward (see fn. 4). Assump- 
tion 7 narrows and simplifies the investiga- 
tion. Since we are not concerned with the 
shape of market areas, there is no loss of 
generality by including this assumption as 
long as we restrict the discussion to two- 
dimensional market areas. 

The final assumption, upon which our re- 
sults depend, concerns the reaction of a firm 
to a change in a competitor’s price. The 
usual assumption which has been analyzed 
extensively in this context is: 


ASSUMPTION 8a: Löschian competi- 
tion—Each firm assumes its market area to 
be fixed, and sets prices like a monopolist 
within its market area. 


However, other assumptions are possible 
including: 


ASSUMPTION 8g: Hotelling-Smithies 
(H-S) competition—-Each firm assumes the 
prices of competitors to be fixed. 
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ASSUMPTION 8c: Greenhut-Ohta (G-O) 
competition—Each firm assumes the price 
at the edge cf the market area (border price) 
to be fixed. 


All three assumptions can be interpreted in 
terms of how the firm expects rivals to react 
to a change in its price. The differences are 
crucial to the results that follow and re- 
quire some elaboration. 

Note that the buyer has two decisions to 
make: where to buy and how much to buy. 
The first choice is made by buying where 
the delivered price (including transport 
costs) is smallest. If we consider two neigh- 
boring firms, the boundary of their market 
areas will be at a point where both firms’ 
products sell for the same delivered price. 
Hence, if we have, as in Figure 1, two firms 
at a distance U apart, and draw each firm’s 
delivered price (mill price plus transport) as 
a function of distance, then the boundary 
between firms will occur at the intersection 
of the two delivered price lines. At this in- 
tersection, consumers will be indifferent 
between the two sellers. 

This intersection occurs at that radius R, 
satisfying 

pt+tR=p+tU — R) 
where p = the mill price of the first firm 
p = the mill price of the second firm 
the distance between firms 


the radius of the first firm’s 
market area 


Solving for R we have 


3), 


li 


by ors 
Il 


p+âp 














FIGURE 1. THREE PRICE REACTION ASSUMPTIONS 
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hat is, the radius of the firm’s market area 
jepends on transport costs, distance to other 
irms, and its price relative to others’ prices. 
Since we assume that all firms are identical, 
his formula applies in the same way to all 
ts competitors, so that R is the “radius” of 
he market in all directions. 

Consider Assumption 8. The representa- 
ive firm located at U = 0 in Figure 1 is 
tharging price p; its competitor at U = U 
` arges price p = p initially. The market 

ll be split between them, each having a 

irket of radius R, = U/2. If the first firm 

ould raise its price to p + Ap, then under 
> Léschian assumption the market radius 
ist remain unchanged at R,. However, 
> only way this result could be obtained 
uld be if the rival raises its price at the 
me time to p + Ap. Thus, one implication 
the Léschian assumption is that the price 
iction of a competitor is unitary, that is, 

/dp=l. 

From (3) we have 

aR = 1 dp = 1) 

dp 2t ‘dp 
d since dp/dp = 1, we have dR/dp = 0, 
ich is the Léschian case. 
Under Assumption 88 of Hotelling and 
uithies, the competing firms are assumed 
t to change their price (dp/dp = 0). If so, 
> intersection of the price lines would 
ove to point C in Figure 1 and the market 
iius of the first firm would fall to 


| 


Re = Ș (P - p — Ap + 1U) < Ra 


this case, from (4) above, since dp/dp = 
we have dR/dp = —1/2t. 

Under Greenhut-Ohta competition (8c) 
2 border price is fixed.? In the context of 
T analysis the border price could remain 


nstant when the first firm raises its price 


rivals lower their price to p — Ap (i.e. 
/dp = —1). The intersection would then 
at point D in Figure 1. Market radius 


‘It should be noted that G-O competition was de- 
oped in the context of zonal pricing by competitors 
her than by mill pricing. Thus the application in 
3 context is somewhat strained. We retain the 
lized version here because it helps to highlight the 
ieralization in Section V. 
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TABLE I— EXPECTED RADIUS AND PRICE RESPONSE 


Radius Conjectural 
Change Variation for Price 
aR/dp ap/dp 

Léschian competition 0 1 

H-S competition — 1/21 

G-O competition — l/t -1 

Spatial Monopoly - 1/t - 


would fall to 
Ro = È (P - p - 2Ap + tU) < Re 


and since dp/dp = —1, we have from (4), 
dR/dp = —1/t for the G-O case. 

For completeness we consider also the 
spatial monopolist. The maximum price a 
consumer will pay is given by the price in- 
tercept of the demand curve, which is a/b. 
The monopolist’s market will extend to the 
point where delivered price equals this 
maximum price or p + tR = a/b, whence 
R = (1/)((a/b) — p), and dR/dp = -1/t. 

Thus each assumption can be converted 
to an equivalent assumption concerning 
either the change in market radius or the 
price reaction of competitor’s price. Table 1 
summarizes these cases. ` 

The classification according to expected 
price reaction is particularly useful, because 
it offers comparison with the nonspatial 
market structure literature. In this light, 
Léschian competition is seen to be the 
spatial equivalent of noncompetitive oligo- 
poly. Firms raise and lower price in unison 
either because of collusion or price leader- 
ship. H-S competition is comparable to 
monopolistic competition or competitive 
oligopoly.’ Firms assume no reaction from 


3The terminology employed in this paper is some- 
what different from standard usage in the spatial 
economics literature. The Léschian model described 
here as spatial noncompetitive or collusive oligopoly 
is often referred to elsewhere as spatial monopolistic 
competition. We prefer to reserve the term “‘monop- 
olistic competition” for the zero price reaction case to 
retain comparability with the nonspatial microeco- 
nomics literature. The term “spatial monopolistic 
competition” is used advisedly since many authors 
argue that monopolistic competition is not possible in 
a spatial context where there are only six immediate 
competitors. 
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competitors. G-O competition does not ap- 
pear to have a nonspatial analog. 

While it is clearly possible for any of these 
market structures to be realized in practice, 
our suspicion is that the most common 
market structure is something close to H-S 
competition. We have two reasons for 
favoring the H-S assumption: first, it in- 
corporates the contest for market area which 
Léschian competition ignores by assuming 
market areas to be fixed; and secondly, it 
allows us to analyze spatial monopolistic 
competition, which many believe to be the 
most common industry structure. This 
analysis can be done in a relatively rigorous 
manner which gives a precise way of dis- 
tinguishing individual consumer demand 
from demand faced by the firm. In addition, 
the model degenerates to perfect competi- 
tion under intuitively appealing conditions. 
We turn now to the actual models. 


III. The Léschian Model 


Making use of Assumptions 1-8, the 
equilibrium price and radius can be derived. 
a demand in a market of radius R will 
(5) X =D J? @— b(p + w)2M udu 
TIDR*(a — bp — (2/3)btR) 

Profits are 
(6) Y=pxX-—C 
Substituting (1) and (5) into (6) we have 
(7) Y = IDR2(a — bp — (2/3)btR) 

‘pea as 


Mt 


From Assumption 6, profits will be zero in 
long-run equilibrium. This implies that 


(8) IDR*(a — bp — 2/3 btR) 
(pie) = fa G 
Equation (8) defines a curve in the (R, p) 


4Notice that equation (5) can be written ¥ = DAX 
where A is market area and X is demand of a repre- 
sentative consumer. Written in this form, the equation 
is applicable to all market areas that are regular poly- 
gons. For example, if market areas are hexagonal 
A = 3.45R? and ¥ = a — bp — .761R. 
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FIGURE 2. THE LOscHIAN MODEL 


plane for each level of fixed costs f. Thi 
curve is shown in Figure 2 for three levels c 
fixed cost and is designated the zero prof 
locus (ZPL). Two items are worth noting 
first, this curve is invariant to the type o 
competition prevailing in the industry, s 
that it will be repeated in our discussion o 
H-S and G-O competition; second, the curv 
collapses around the point M as fixed cost 
rise. This is significant for three reasons: 1 
M is the ZPL for f = fia; for f > fmax NON 
negative profits are not possible, the ZPi 
is not defined, and no firms will survive 
2) The point M gives the price-radius com 
bination a regional monopolist woul 
choose’ (i.e., the mill price at each produc 
tion point and the optimal spacing of pre 
duction points). 3) M also defines th 


5Since the monopolist is unconstrained by compet 
tion, profits need not be zero. The monopolist’s pri: 
is found by substituting dR/dp = — 1/t into equatio 
(9) and solving for p which gives p = 1/4 (a/b + 3« 
The monopcilist’s price is independent of density, fixe 
costs, and transport costs. It should be noted that th 
result holds only in a market of uniform density. $ 
Dennis Heffley for a discussion of the spatial mono 
olist in a market with variable density. 
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maximum possible extent of the market 
given by Rag = (3/4)t((a/b) — c). Radii 
beyond R ma are ruled out because beyond 
that point price is greater than ((a/b) — tR) 
and some customers would have negative 
demands. 

A second condition is derived from the 
profit-maximizing behavior of firms. Maxi- 
mizing (7) with respect to price gives 
(9) fX = 0 = Ap - oa — bp — BIR) 

dp 

F — R(a — 2bp — (2/3)btR + be) 
Under Léschian competition dR/dp = 0 so 
that (9) becomes 


(9') pete? 


and gives the profit-maximizing price that a 
Loéschian firm will charge in the short run 
given a market of radius R. It is shown as 
LL’ in Figure 2. 

Notice that the profit-maximization con- 
dition (9’) and the zero profits conditions 
are satisfied twice for a given level of fixed 
costs. However, for demand to be non- 
negative at the edge of the market area, it is 
required that (a/b) — p > tR > 0. Therefore 
all points to the right of the line p = (a/b) — 
tR which is shown as ND (nonnegative de- 
mand) in Figure 2, are not admissible. If 
fixed costs are fi, long-run equilibrium oc- 
curs at (R,, p,) where the profit-maximiza- 
tion line (LL’) cuts the ZPL in the ad- 
missible region. 
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For markets with a radius larger than R,, 
positive profits will be earned and firms will 
enter the industry. Entry will cause market 
areas to shrink and the industry will move 
towards long-run equilibrium. For radii 
smaller than R, profits are negative, firms 
will leave the industry, market radii will in- 
crease, and again the industry moves 
towards long-run equilibrium.® 

It is straightforward to show that this 
model is inconsistent with the characteristics 
1)-5) outlined above. We note the following 
behavior of the Léschian model. 

ta) As transport costs approach zero, 
the profit-maximization line LL’ becomes 
flat (note equation (9’)), and price ap- 
proaches the nonspatial monopoly price 
((a/2b) + (¢/2)) rather than the perfectly 
competitive marginal cost price. 


2A) As fixed costs approach zero, the 


, ZPL expands, the equilibrium price rises 


and again approaches p = (a/2b) + (c/2), 
the nonspatial monopoly price, rather than 
the marginal cost price. 


3a) As fixed costs rise from f, to f in 
Figure 2, the ZPL shrinks, and price falls in 
the long run to p,. An increase in marginal 
costs shifts both the ZPL and the profit- 
maximization line (LL’) so that the price 


®Readers may be more familiar with the tangency 
solution that occurs in the (X, p) plane, The problem. is 
actually three-dimensional in (X,p,R) space. The 
tangency solution arises graphically in the projection 
onto the (X,p) plane. Our graphical solution (Figure 2) 
is the projection onto the (R,p) plane. (See the au- 
thors, 1976.) The point (R;, pı) corresponds to the 
point of tangency. 


JAELE 2—-EFFECT ON PRICE IN THE LOSCHIAN AND SMC MODELS 





Léschian 
Noncompetitive 
Parameter Spatial 

Change Oligopoly 
a + 
c + 
D + 
f = 
t _ 


Normal 


tel ttt 


SMC 


Perverse 
Spatial 


p<a/b-4/3tR p>a/b-—4/3tR Monopolist 


tti+thh 
ooo+t+ + 
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change is ambiguous. The comparative 
statics are developed more fully in Ap- 
pendix A. The signs are summarized in 
Table 2. 

4a) Appendix A shows that price in- 
creases when there is an increase in density. 
Intuitively this occurs because the higher 
density permits smaller market areas. The 
spatial demand curve is more inelastic for 
smaller market radii;’ that is, the firm has 
more monopoly power and raises price. 

5A) As firms enter, market area shrinks; 
the firm moves back along the profit-maxi- 
mization line, and prices increase. 

The above might be acceptable for a 
model of organized (price-leader) spatial 
oligopoly but is counter to what one might 
expect to hold in spatial monopolistic com- 
petition or unorganized oligopolistic com- 
petition. It is particularly important to note 
that in the limit as transport costs and fixed 
costs approach zero, the Léschian model 
approaches the nonspatial monopoly price 
rather than the perfectly competitive price. 
The model of the next section does ap- 
proach perfect competition in the limit. 


IV. A Model of Spatial Monopolistic 
Competition (SMC) 


The model to be developed is one with 
Hotelling-Smithies competition (Assump- 
tion 8B) instead of Léschian competition. 
With this zero conjectural variation as- 
sumption we have shown above that dR/ 
dp = —1/2t. Substituting in (9) gives the 
profit-maximization line for the SMC firm.® 


7The elasticity of the spatial demand curve in the 
Léschian model is 


= -bP 
- a—òbp ~ ?2/3btR 


and becomes more inelastic as R decreases. 

8To the individual firm R is endogenous. The firm’s 
price equation is obtained from substituting (3) into 
(9"), In equilibrium if firms are identical they will 
move until they are equidistant. We can therefore in- 
terpret (9”) as an equilibrium condition with R set 
equal to one-half the distance between firms (assuming 
firms are not regional monopolists). For a brief dis- 
cussion of short-run dynamics, see Appendix B., 


n 
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FIGURE 3. A MODEL oF SPATIAL MONOPOLISTIC 
COMPETITION: NORMAL CASE 


tR(a — bp — 2/3 btR) 
(a ~ bp) 
This can also be written as 


(9) p=c+ tRx 
Xo 
where X = average demand per person 
Xo = demand per person at R = 0 

That is, profit-maximizing price is an addi- 
tive markup over marginal cost where the 
markup is given by the second term on the 
right in (9%). 

Equation (9”) has an inverted U-shape 
in the admissible region and is shown in 
Figure 3. This profit-maximizing price curve 
starts at marginal cost (p = c, where R = 0) 
and rises to a maximum at p = (a/b) — 
(4/3)tR, then declines. This condition for a 
maximum is satisfied if average demand is 


unitary elastic with respect to transporta- 
tion cost.? The SMC curve is downward 


(") p=e+ 


9This elasticity is given by 


a —- bp — ; btR 
and is unitary if p = a/b — 4/3 tR. 
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sloping, however, if average demand is elas- 
tic with respect to transport cost. 

The zero profit locus (ZPL) is as before 
and is superimposed on Figure 3. Long-run 
equilibrium occurs at (R3, p;) if fixed costs 
are fi. For market radii larger (smaller) 
than R, firms earn positive profits; new firms 
enter (exit) and move the industry towards 
equilibrium. 

In this model two forces determine prices. 
First is the demand eifect: the more elastic 
is average demand, the lower the price. The 
second is the competitive effect: the closer 
competing firms are, the greater is com- 
petition and the lower is price. When market 
radius is small (i.e., when firms are very 
close together) price is close to marginal 
cost. Competition forces price down to 
marginal cost in this model whereas in the 
Léschian model price approaches (a/2b) + 
(c/2) > c as radius approaches zero. 

There is, however, a point (given by p = 
(a/b) — (4/3)tR, the line KK' in Figure 3) 
where further increases in market area cor- 
respond to lower prices. For small market 
areas with densely packed firms, competi- 
tion is important. However, as market areas 
approach the maximal size Rmax, competi- 
tion over the size of the market becomes 
less and less important since the consumer 
at the edge of the market is buying less and 
less (note that at Rmax he is buying nothing 
and is not worth fighting over). Indeed, the 
SMC profit-maximization line approaches 
the Léschian line and intersects it at Rmax. 
Hence, the Léschian-type effects noted 
above where monopoly power decreases as 
market area increases may tend to be im- 
portant even in the SMC model. Thus, we 
cannot rule out a priori the “perverse” case 
in which entering firms raise rather than 
lower the equilibrium price. This perverse 
case occurs when firms are so spread out 
that individual firms are almost regional 
monopolists. 

Mathematically we solve the model by 
substituting the profit-maximization equa- 
tion (9”) into the zero profits equation (8) 
to obtain 


(10) (a = bpp ~ 0 = (EL) x 
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Explicit solution for price is difficult, but 
we can outline some properties of the long- 
run equilibrium. Note the following: 

1) The zero profits locus is the same as ` 
that in the Lòschian model (equation (8)). 

2) Changes in f or D affect the zero- 
profits locus but not the profit-maximiza- 
tion curve (equations (8) and (9")). 

3) Since t, f, and D enter equation (10) 
as {f / D, solving for the impact of changes 
in one implies the effects of the others. 

There are three possible cases: 


CASE 1: Degenerate case-——nonnegative 
profits are not possible in the admissible re- 
gion and no firms exist. This might occur if 
fixed costs were very large or population den- 
sity very small. 


CASE 2: Normal case (p < (a/b) — (4/3)iR, 
i.e., to the left of KK' in Figure 3)—zero- 
profits curve cuts the profit-maximization 
curve on the upward-sloping portion as in 
Figure 3. If additional firms enter, price falls. 


CASE 3: Perverse case (p > (a/b) — 
(4/3)tR, i.e., to the right of KK' in Figure 
3)—zero profits curve cuts the profit-maxi- 
mization curve on the downward-sloping por- 
tion as in Figure 4. Lf additional firms enter, 
prices rise. This could occur for large fixed 
costs or small population density. However 
the implication is that transport costs are a 
large proportion of delivered price (p + tR) 
at the edge of the market area. Greenhut and 
Greenhut, Hwang, and Ohta (1976) present 
empirical evidence indicating that in general 
this is unusual. It would certainly be unusual 
in urban areas where the packing of firms is 
relatively dense. 


Only the latter two cases are of interest. 
In Table 2 the comparative statics have 
been summarized. 

To derive the results consider first the 
effects of increasing fixed costs f Rising 
fixed costs affect only the zero profits locus, 
shrinking it. Price rises if the profit-maxi- 
mization line is upward sloping (normal 
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maximization 
(SMC) 








FIGURE 4. THE PERVERSE CASE OF THE SMC 


case) and falls if the line is downward slop- 
ing. From property 3) the same holds for a 
rise in transport costs £, or a fall in density 
D. Increasing marginal cost c raises the 
profit-maximization line and shrinks the 
ZPL, raising price in the normal case, but 
with ambiguous effect in the perverse case. 
Similarly, a rise in the demand intercept a 
expands the zero profit locus and raises the 
profit-maximization line, leading to an am- 
biguous effect on price in the normal case 
and an increase in the perverse case. 

The effects on price are quite different in 
the two cases. In the absence of a restriction 
on the sign of (a — bp — 4/3btR) nothing 
can be said about the sign of the price 
changes. If we compare the signs for the 
SMC model with those for the Léschian 
model, we find that the Léschian signs are 
identical to the perverse case of the SMC 
model. 

Note that characteristics 1)-5) hold for 
the SMC model. 

1s) From (9") as t approaches zero the 
profit-maximization line becomes hori- 
zontal at p = c, the marginal cost price. 

28) As fixed costs approach zero the 
intersection of the two curves moves back 
along the profit-maximization line and price 


DECEMBER 1978 ` 


approaches marginal cost. 
3B, 4B) The comparative statics are. 
normal if the intersection takes place on the 


‘rising portion of the profit-maximization 


line as discussed above. That is, increases 
in costs will raise price; increases in density 
will lower price. 

5B) Entry forces price down if the pro- 
fit-maximization line is upward sloping, i.e., 
in the normal case. 


V. Spatial Competition—A Generalization 


We have not developed a model with 
G-O competition, but it would be straight- 
forward to do so. Since dR/dp = — 1/t 
under G-O ccmpetition, (9) would become 


tR(a — bp — 2/3btR) 


eed 2(a — bp — 1/2btR) 


p=ct 


This equation defines a curve in the (R, p) 
plane that starts at p = c and rises to a- 
maximum at M, the monopoly price, and | 
falls afterward. The comparative statics in 
this model will be unambiguous (since the 
profit-maximization curve is monotonically 
increasing in the admissible region) and 
similar to the normal case of the SMC. 

The three forms of competition suggest a 
generalization. Equation (9) defines a family 
of curves in the (R, p) plane which is shown 
in Figure 5. The two extreme cases in the 


v 











R 


max 


FIGURE 5. THE PROFIT-MAXIMIZATION CURVE UNDER ' 
DIFFERENT FORMS OF COMPETITION 
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- figure are the Léschian profit-maximization 
curve where the price reaction dp/dp is plus 
one and the G-O curve where the reaction 
is minus one. Hotelling-Smithies competi- 
tion is one intermediate case; but we can 
conceive of any number of other inter- 
mediate cases as the price reaction varies 
from | to —1. Notice that as the price re- 
action increases, the maximum point on the 
profit-maximization curve moves to the left. 
This implies that the perverse results noted 
for the Léschian model and for some values 
ofthe SMC model are more likely the larger 
the price reaction, that is, the greater the 
tendency for firms to collude. 

A relevant question to raise at this point 
is which price reaction is most likely. We 
feel that in practice the value probably is 
fairly close to zero. In two-dimensional 
space, there are six competitors surround- 
ing each firm. Each surrounding firm is a 
small proportion of the total competition 
faced by the firm. Therefore, it seems rea- 
sonable to argue that unless there is collu- 
sion, firms would not react dollar for dollar 
to price changes of just one of their com- 
petitors, and would probably have a co- 
efficient much closer to zero than unity. In 
any case, the qualitative results of the $ MC 
model would also hold for any value of 
price reaction between 1 and —1. We view 
the Léschian model as extreme, largely be- 
cause it fails to meet the requirements set 
out earlier in the paper. In particular: it 
does not allow price to approach marginal 
cost as fixed or transportation costs ap- 
proach zero. It unambiguously rules out the 
plausible cases where fixed and marginal 
cost increases raise price. It rules out the 
possibility that a density increase will de- 
crease price. The argument that firms match 
price increases of rivals dollar for dollar 
seems implausible. As a model of collusive 
oligopoly, however, it is more acceptable. 

The Greenhut-Ohta model has the ad- 
vantage that it does give plausible and un- 
ambiguous comparative statics results, and 
handles the extreme cases properly. How- 
ever, in the context of spatial competition 
with mill pricing, the implied negative price 
reaction seems unlikely. In another context 
(for example, under discriminatory or zonal 
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pricing where a negative price reaction is 
not necessarily implied) it may be more ap- 
propriate. !° 

The Hotelling-Smithies competition does 
satisfy the criteria we have set up. While we 
should not expect price reactions to be 
exactly zero, we should (for reasons men- 
tioned above) not expect it to be especially 
large, so that in the absence of collusion 
the zero conjectural variation assumption 
would appear to be a suitable approxima- 
tion. 


VI. Conclusion 


We have shown that it is indeed the case 
that many perverse results are possible 
when the firm is placed in a spatial context. 
We have developed an imperfect competi- 
tion model that shows that the perverse re- 
sults appear under relatively “unusual” cir- 
cumstances and that provides a convenient 
way of interpreting imperfect competition 
models as an outgrowth of spatial con- 
siderations. 

In particular we have shown that the 
widely applied Léschian model, which ex- 
hibits the perverse results, can be inter- 
preted as an extreme case of a class of 
models defined by the price reaction of 
firms. The perverse comparative statics re- 
sults appear when the profit-maximization 
curve is negatively sloped in the (R,p) 
plane. The negative slope is more likely to 
be obtained if the price reaction (dp/dp) is 
close to one; if transport costs are a large 
proportion of delivered price or, more spe- 
cifically, if average demand is elastic with 
respect to transportation cost; or if fixed 
costs are so large that firms are barely 
viable.” 

All of these are clearly possible; but we 
have argued that in urban areas each would 
be an exception. Thus, the results of the 
theory of the nonspatial firm are usually 


10See fn. 2 above. 

H There is a fourth factor that influences the slope of 
the profit-maximization curve that has not been ana- 
lyzed in this paper. Ohta has shown that the convexity 
of the individual demand curve also influences the 
slope. The negative slope is less likely the more convex 
individual demand is. 
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qualitatively similar to those for the spatial 
firm; however, there are conditions under 
which the traditional theory is violated. 

We have not addressed the welfare issue 
raised by the lack of perfect competition. 
We have shown in our 1977a paper that 
total costs (production and transport) are 
not minimized. There are too many firms so 
that not enough advantage of scale econ- 
omies is taken. This is a standard monopo- 
listic competition result which we con- 
jecture would carry over to the model here. 
We do not however, offer a proof. 

Also, we have deliberately kept within a 
partial equilibrium framework. This frame- 
work is in the spirit of most work in mo- 
nopolistic competition, but it is not entirely 
satisfactory. In particular, the distribution 
of population is assumed to be given; but 
one might expect the distribution to depend 
upon the price structure and transport 
costs; that is, if transport costs are high, 
consumers would concentrate at production 
sites and producers would cluster. We do 
not attempt to incorporate this aspect, 
viewing our analysis as a kind of market 
equilibrium curve, which should eventually 
be imbedded in a more general system. 


APPENDIX A— THE COMPARATIVE STATICS 
OF LONG-RUN EQUILIBRIUM PRICES 
IN THE LOSCHIAN MODEL 


In the short run, with fixed market areas, 
price is given by equation (9’) and is an in- 
creasing function of demand density a and 
marginal cost ¢ but a decreasing function 
of transport cost ¢. 

To determine the long-run price we com- 
bine equations (8) and (9') which gives the 
quartic in P 





_ _ft? 
(Al) GES - =) 2.0 See 
The solution is 
(A2) p= 47 + TE G- 

T (Fe 


The relevant root, after taking economic 
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admissibility into consideration, is the posi- 
tive one, so that 


(A3) p= a + 3c + 2Z) 


where Z = SPAD 7118 


po a Sah 


Differentiating with respect to the param- 
eters we have 








(A4) =A oe. - a5 - c + 6bZ)>0 
(A5) oe £ sig [2a zaro 
d T app 120 
(a6) 2 = — 12 - e- 62) 
oe JS Dz p> ° 
ae T ne D (ap) ae 


The sign of @p/da follows directly from 
the requirement that a/b > p > c for firms 
not to shut down. The others follow from 
the requirement that Z be real for the solu- 
tion to exist. 

Intuitively the results come from the 
working of two effects. In Figure 2, changes 
in some parameters shift the short-run 
profit-maximization line LL’, but at the same 
time the zero profits locus may expand or 
contract. An increase in a, which can be 
interpreted as an increase in income, shifts 
the profit-maximization line up and ex- 
pands the zero profits locus. Thus we have 
the unambiguous positive sign. Increases in 
fixed costs shrink the ZPL and raise prices. 
Increases in transport cost lower the profit- 
maximization lirie and shrink the ZPL so 
that prices fall. 

The sign of marginal costs is ambiguous 
because increases in c shift the profit-maxi- 
mization line up, but shrink the ZPL. The 
resulting change in price depends on the 
slope of the profit-maximization line. If 
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—transport costs are low, prices will rise; but 
if transport costs are sufficiently high, prices 
can fall. 

Some of the results are somewhat coun- 
terintuitive, One would not expect prices to 
fall if fixed or marginal costs rose. Nor 
would one expect population density to 
have a positive effect and transport costs a 
negative effect. In general, prices are lower 
in urban areas than in low density rural 
areas because of higher volume and greater 
competition among sellers. Similarly, high 
transport costs are often cited as a cause of 
high prices not low prices, because of the 
lessened competition between firms. 


APPENDIX B—SHORT-RUN DYNAMICS 


The “true” short-run price equation for 

the firm is (9”) with 
lz 1 = 

R = 3U - 5; (P-P) 
substituted for R in the equation. This gives 
the firm’s price as a function of the distance 
between firms (a proxy for the “number” of 
firms) and other firms’ price. Short-run 
equilibrium is given in Figure 6. 

The firm’s price line is AA’. For prices to 
the left of p, firms think they have charged 
more than their rivals price P but discover 
they have not and increase their estimates 
of F, increasing prices. Similarly to the right 


P 
Pe 


FIGURE 6. PRICE ADJUSTMENT IN THE SHORT RUN 
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of pe prices must fall, and pẹ is a stable 
equilibrium. It is possible to show that 1) if 
P is zero firms should set a positive price 
and 2) a unit increase in P leads to less than 
a unit increase in p so that AA’ looks as it is 
drawn in the figure. 

Then, in short-run equilibrium, p must 
equal p and R must equal 1/2 U, so that (9”) 
can be intepreted as giving both profit maxi- 
mization and (with R = 1/2 Ọ) short-run 
equilibrium. We assume that short-run 
equilibrium is obtained “instantaneously” 
and suppress the dynamics of short-run ad- 
justments. For a more complete discussion, 
see our 1976 paper. 
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Fixed Wages, Layoffs, Unemployment 
Compensation, and Welfare 


By H. M. POLEMARCHAKIS AND L. WEIss* 


As tastes and technology change, the 
flexibility of wages and prices is a necessary 
condition for the competitive outcome to be 
efficient. This is apt not to be the case, how- 
ever. In particular, since the time of John 
Maynard Keynes, economists have recog- 
nized that wages are relatively downward 
inflexible. Why this should be so is not 
transparent. At the most elementary level, 
this rigidity is accepted as an economic fact 
of life ultimately attributable to institutional 
constraints on the free movement of wages 
and prices: monopolies, labor unions, mini- 
mum wage laws, administered pricing poli- 
cies, and the like. Rigid prices are assumed 
as an adequate description of modern 
ecanomies; there is no need to look further. 
In the works of Robert Clower, Axel Lei- 
jonhufvud, and other disequilibrium theo- 
rists, it is argued that the slow diffusion of 
information about current opportunities 
allows prices to differ substantially from 
those which are market clearing. 

More recently, Martin Baily (1974) and 
Costas Azariadis have suggested that real 
wages are stable over time as the necessary 
outcome of micro-economic optimizing be- 
havior in a competitive labor market, even 
in a neoclassical environment which allows 
prices to instantly adjust to their market- 
clearing values. Workers, who are assumed 
to be risk averse, insure themselves against 
the possibility of future wage reductions by 
accepting a lower initial wage. Firms, by 
way of superior access to capital markets 
and more efficient sharing of risks, are as- 
sumed to be relatively more tolerant of risk, 
and hence can profitably supply such in- 


=*Department of economics, Harvard University; 
and Cowles Foundation for Research in Economics, 
Yale University, respectively. We wish to thank 
Kenneth Arrow, Martin Feldstein, Frank Hahn, 
Steven Shavell, Eytan Sheshinski, and Joseph Stiglitz 
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surance.' This argument assumes that the 
opportunities for spreading the risk of wage 
reductions outside of the employment con- 
tract are limited; no insurance is available. 
Such contingent contracts need not, of 
course, be written or explicit. A firm ac- 
quires a reputation which affects its attrac- 
tiveness to potential employees. This repu- 
tation includes not only the firm’s history of 
wage reductions, but the firm’s policy of 
layoffs, recalls, and overtime. The question 
that naturally arises is that of policy and 
welfare. Are such implicit contingent con- 
tracts socially desirable? 

In this paper we employ a simple general 
equilibrium model to analyze the effects of 
alternative employment contracts. We 
demonstrate that the wage an employee re- 
ceives in a given period need not correspond 
to his marginal product. Wages are not 
“correct” signals and there is no guarantee 
that labor will be allocated efficiently across 
industries. We consider the case of shifts 
in product demand and demonstrate that 
there is too little labor mobility and output 
response. The government, by subsidizing 
the costs incurred by individuals in chang- 
ing jobs, can improve resource allocation. 
Since unemployment insurance is in effect 
such a subsidy, we conclude that it is de- 
sirable for the government to contribute at 
least partially to the payment of unemploy- 
ment insurance benefits. 

Our results hinge crucially on two as- 
sumptions. First, job changes are costly to 
the individual. These costs include the ex- 
penses involved in searching for a new job, 
costs of relocating, and perhaps the psychic 
costs of working in a new environment. 
Such costs are in addition to the expenses 


IThis argument requires that workers and firms 
have identical probability distributions concerning the 
states of nature, 


910 THE AMERICAN ECONOMIC REVIEW 


borne by the firm in hiring and training the 
new worker. Thus for a firm to hire away a 
currently employed worker, it must offer a 
wage high enough to compensate for these 
additional expenses. The second assump- 
tion recognizes that firms are limited in 
their ability to discriminate between old and 
new workers, and generally must pay the 
former at least as much as the latter. Thus 
the firm must raise the wages of old workers 
as well, if it desires to expand employment 
by attracting people who already are em- 
ployed. This confers an element of mo- 
nopsony power to the firm in the short run 
when it seeks to expand in response to favor- 
able demand shifts, even though over longer 
time periods the steady flow of new labor 
force participants allows the firm to take 
the supply of labor as perfectly elastic. 

There is no unemployment in our model. 
Employees and employers both expect that, 
once terminated from a job, employees can 
instantly find a new job in the other industry 
at the prevailing wage, incurring a cost, de- 
noted by c, in the process. These expecta- 
tions are in fact fulfilled; in the jargon of the 
“new macroeconomics,” they are “rational.” 
However, a more realistic interpretation of 
the cost of transfer might reasonably in- 
clude the time lost in locating a new job, the 
cost of “frictional unemployment.” The 
substantive conclusions would not be af- 
fected. 

We first analyze a situation where firms 
are prohibited from laying off employees. 
We demonstrate that a policy of flexible 
wages in one industry increases the de- 
sirability of wage flexibility in other indus- 
tries. Thus, if firms are prohibited from dis- 
missing employees and must rely solely on 
wage reductions to induce separations, two 
possible outcomes may exist. In one, wages 
are rigid and there is neither labor mobility 
nor output changes in response to shifts in 
demand. In the other, wages are flexible and 
labor flows to its most productive use. The 
fixed wage situation spreads risk efficiently, 
but allocates labor nonoptimally. In the 
flexible wage equilibria it is just the op- 
posite. Both are full equilibria in the usual 
sense that a firm takes the prices of outputs, 
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the wage agreements of the other firms, anc 
the utility level it must offer to attrac 
workers as data. Thus there is a tradeoff be 
tween the proper allocation of risk ove 
time, and efficient allocation of resources a 
each instant of time. 

If firms may offer contracts with the pos 
sibility of future terminations, then layoff: 
will be utilized exclusively to induce separa: 
tions. This result, first suggested by Bail: 
and others, merely requires employees to br 
risk averse to make a strategy of wage re 
ductions unprofitable for the firm. Thi 
number of layoffs is less than what migh 
be considered ‘‘socially’’ optimal. This sub 
optimality occurs due to the interdependenci 
between the decisions of the two (or several 
firms and the resulting divergence betwee 
the “social” and the “individual” criteria o 
optimality in firms’ decisions. We demon 
strate that unemployment insurance witl 
less than complete experience rating lower: 
the cost of layoffs to the firm and encourage: 
labor mobility. In the context of the model 
a properly designed unemployment in 
surance program will yield a fully efficien 
allocation. 


I. The Model 


We consider a two-period world with un 
certain second-period demand. There ar 
two firms,” one of which manufactures goot 
x, the other good y. The capital stock i: 
fixed over both periods, and in each firn 
output equals the square root of labor in 
put. Firms offer prospective employees con: 
tracts which specify a certain first-perioc 
wage and, contingent upon demand condi 
tions, a second-perjiod wage coupled with : 
probability of employment during th 
second period. A firm takes as given th: 
wage contract offered by the other firm, th 
price of its output, and the utility level i 
must offer to employees.’ It chooses al 

2The number of firms in each industry is not impo! 
tant. For simplicity it is assumed to be 1. 

3]t is assumed here that the firm knows the worker: 
utility function as well as their expectations concernin 
the second-period states of nature. A weakening of thi 


assumption would complicate the analysis withou 
altering the results. 
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employment contract and labor demand to 
maximize expected profit. Uncertainty is 
generated by-a random parameter in 
pecple’s utility functions, which is sym- 
metric between the two goods.‘ 

Each person has a utility function equal 
in each period to & log x + (1 — &) log y.’ 
Total utility is the sum of the utility levels 
of the two periods. During the first period, 
& is known to be 1/2. During the second 
period & will equal (1/2 + e) or (1/2 — 6), 
each with probability of 1/2. For simplicity 
there is no transfer of wealth between 
periods. If during the second period an 
employee changes jobs, he incurs a mone- 
tary cost c. Each worker supplies a unit of 
labor inelastically each period, and there is 
one unit of aggregate labor. 

We shall carry out the analysis from the 
point of view of one of the firms. We shall 
denote by p the first-period price of its out- 
put, by p, the second-period price when de- 
mand for that output is high and by p, when 
low. The corresponding prices for the other 
firm are, by symmetry p, p, and p}, Te- 
spectively. We shall let / denote the labor 
employed by the firm. 


II. The Case with no Layoffs 


We first analyze the case where the possi- 
bility of layoffs during the second period is 
not open to firms. Firms are, however, al- 
lowed to adjust wages to demand condi- 
tions. Why may a firm find it profitable to 
offer a wage contract with variable second 
period wages? Clearly, since workers are 
risk averse and the firm must provide them 
with a given utility level, wage variations in- 
crease expected costs. On the other hand, a 
firm may want to encourage separations via 


4This symmetry justifies the assumption of firms’ risk 
neutrality, which is not otherwise apparent. Since one 
firm’s high demand corresponds to the other firm’s 
weak demand, the returns are perfectly and negatively 
correlated. Thus, an efficient capital market will value 
such returns as equal to their expectations, 

3[t is well known that such preferences imply an in- 
direct utility function which is logarithmic in wealth, 
independent of prices. As a result, we may ignore 
portfolio-theoretic considerations from entering the 
worker’s decision problem. 
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wage reductions in response to weak de- 
mand, and similarly, raise wages to attract 
additional workers when demand is strong. 
We observe that in order to affect volun- 
tary labor mobility, wage rates must differ 
across industries by an amount at least as 
great as the cost of transfer, c. 

It is clear that a firm’s choice between 
variable and fixed second-period wages de- 
pends on the parameters of the production 
and utility functions—no general statement 
can be made. What is important to observe, 
however, is that a firm’s decision is not in- 
dependent of the choice of its competitor. 
Labor mobility depends on the difference 
between the wages offered by the two firms. 
As a result, the difference between high- and 
low-demand period wages that a firm must 
offer to induce labor mobility increases as 
this difference in the wage contract offered 
by its competitor decreases. It is this inter- 
dependence between firms’ decisions that 
raises the possibility of multiple equilibria. 
Furthermore, there is a clear distinction be- 
tween the individual rationality of an out- 
come, and its social rationality. Labor mo- 
bility may be unprofitable from the point of 
view of each firm individually, while de- 
sirable from the point of view of society as a 
whole, including the firms. Finally, the 
multiplicity of equilibria and the distinc- 
tion between individual and social rationality 
do not depend on workers’ risk aversion. 
As will be argued later, they can occur even 
in the case of risk-neutral labor. 

We shall now consider explicitly the model 
presented in the previous section and demon- 
strate the points made above by choosing 
appropriate values for the parameters in- 
volved. First, let us suppose that both firms 
offer a wage of | in each period, indepen- 
dent of demand conditions, and know that 
second-period employment can neither be 
augmented or curtailed. Expected profits of 
each firm are given by [p + 1/2(p, + PpP) 
(J — 21). The firm chooses input / to maxi- 
mize expected profits, and so each firm de- 
mands labor equal to (1/16)[p + 1/2(p, + 
p,)\?. By symmetry, each firm must demand 
half the aggregate labor supply. Equilibrium 
in the second-period goods’ market requires 
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that p,/p, = a/(1 — æ) where a = (1/2) — e. 
Hence, for the labor and goods’ markets to 
clear, p = V2, p, = 2V2 (1 - a), pi = 
2/2 a, and each firm employs 1/2 units of 
labor to produce 1/+/2 units of output. In 
this situation, expected profits are 1 for 
each firm, 

To prove that this is a Nash equilibrium, 
we must demonstrate that a firm, taking 
prices as well as the wage contract offered 
by its competitor as given, cannot increase 
its expected profits by offering an alterna- 
tive wage contract. There are three possi- 
bilities open to the firm other than the fixed 


wage-constant employment contract, and 


they all involve variable second-period 
wages. The firm may want to increase labor 
employed during high demand, and decrease 
it during low demand; it may want to de- 
crease labor employed when demand is 
low, but keep it at its first-period level when 
demand is high; finally it may want to in- 
crease labor employed when demand is high, 
but keep it at its first-period level when de- 
. mand is low. 

Let us consider the first alternative. The 
firms must offer a wage of 1 + c to attract 
workers under strong demand and | — c to 
induce separations under weak demand.° 
First-period wage w must be sufficient to 
guarantee employees the same level of 
utility as the other firm offers; i.e., 


logw + 1/2log (l — c) + 1/2log(1 +c) = 
log 1 + log1 =0 


Hence w = (1 — c?)~!/, which is greater 
than 1. Under this strategy, it is optimal to 
select labor demand in each period my- 
opically. First-period employment is (1/4) 
(p?/w?) or (1 — c?)/2. Second-period em- 
ployment is 2(1 — a)?/(1 + c}? when de- 
mand is high and 2a*/(1 — c} when de- 
mand is low. Expected profits are given by 


V1 = c?/2 + (1 - a)? /(1 + c) 
+ a?/(1 — c) 


élt is assumed that e is divided between the two 
goods in the same ratio as any other income. Al- 
ternatively ¢ can be modelled as a utility cost without 
altering the analysis in any significant way. 
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which must be less than the profits which 
accrue to the firm under fixed wages (i.e., 1) 
for the latter to be an equilibrium. That this 
is indeed possible can be seen by taking a to 
be .45 and c to be .15. For these values oi 
the parameters, each firm can increase ex- 
pected second-period profits by switching 
from a constant employment policy to a 
policy of upward as well as downward 
variable employment policy. However, the 
increased first-period labor cost associated 
with such a policy suppresses first-period 
profits by a greater amount, and hence ren- 
ders variable wages unprofitable. 

To complete the argument that a fixed 
wage and employment policy is a Nash 
equilibrium, we must show that for the 
same values of the parameters it is not 
profitable for the firms to follow a policy of 
increasing labor demand when demand is 
high, while maintaining the first-period em- 
ployment level when demand is low, To 
follow such a policy, a firm must offer a 
wage w during the first period, w, when de- 
mand is high, and (1 — c) when demand is 
low. Since workers are not risk lovers, 
w, = w; and since the contract must offer a 
utility of 0, w = (1 — c)~'/3, which is greater 
than 1. Low-demand labor demand will be 
chosen myopically. Labor demanded during 
the first period, which is also the labor em- 
ployed during high demand, can be com- 
puted to be [(2p + p,)/(6,)]?. At that level 
of employment, however, the marginal 
value product of labor during low demand 
is 


2V 2a6(1 — c) 78 z 
2[2p + Pr) 


which is greater than 1 — c (or = .85). But 
then, for these values of the parameters 
(i.e, a = .45, c = .15), the firm is going to 
maintain a constant level of employment, 
and hence it has no incentive to offer a con- 
tract with wage variability. By an analogous 
argument we can exclude the possibility of 
a contract involving variable wages and 
only increased employment during high 
demand. For the values æ = .45,c = .15 the 
constant wage employment contract is a 
Nash equilibrium. 


p,/2V/1 = 92 
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. Suppose now that each firm offers a wage 
of 1 in the initial period, and in the second 
period, 1 + c/2 when demand is high and 
1 — c/2 when demand is low. Then, in the 
second period, each firm decides on labor 
demand after observing the price for its out- 
put. The high-demand firm chooses to em- 
ploy p?/4(1 + ¢/2)? and the low-demand 
firm p7/4(1 — c/2)?. Full employment re- 
quires that 


2 2 
ae ieee 


2 2 
alice. = As £ 
ee athe |) 
be equal to 1. Equilibrium in the second- 


period goods market implies 


1+£ 
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£ 
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x 1 
so that 


41 ~ a)(1 — “(1 $ 5) 
aa 1+ cla — 1/2) 
and 


c? c 
4a(l — 3 ya - A 
1 + c(& — 1/2) 


Firms’ expected profits when offering a 
variable wage contract are 


1/20 =- ¢/4)(1/1 + ela — 1/2) 


in the second period. The first period is 
identical to the previous situation of fixed 
wages; each firm earns 1/2 in period 1. 

To demonstrate that this configuration is 
also a Nash equilibrium for the same values 
of the parameters, we must show that no 
alternative wage contract yields higher ex- 
pected profits. The firm has three alterna- 
tives to consider. It may want to have a 
constant employment level, independent of 
demand conditions; it may want to increase 
employment in response to strong demand 
but keep it at its first-period level otherwise; 
finally, it may want to decrease employment 
in case of weak demand, but keep it at its 


Di = 
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first-period level otherwise. 

Let us consider the first alternative, If a 
firm offered w in each period and main- 
tained constant employment, it could earn 
1/2w in the first period and 1/2(p, + p,)*/ 
8w in the second, where w yields the same 
utility as the variable wage; i.e., 


2logw = log 1 + + log (1 + = 


l c 
+ 5 log (1 ~ a 


so that w = (1 — c?/4)'/4 which is less than 
1. For the variable wage policy to be an 
equilibrium, it must yield higher expected 
profits for the firms than the policy of fixed 
wages; that is, 


1 
1 + ca 5) 
must be greater than 


; (Pa + PY 


ch -14 | 
G + 8 ) 


ey 


For the values a = .45 andc = .15, this is 
indeed the case. 

The second alternative involves the firm’s 
decreasing its second-period labor employ- 
ment when demand is low, but maintaining 
an employment level equal to that of the 
first period when demand is high. The firms 
must offer a wage w during the first period, 
w, when demand is high, and (1 — c/2) 
when demand is low. Since workers are not 
risk lovers, w, will be equal to w, which in 
turn must satisfy the equation 


3/2logw = log i + 1/2log (1 + ¢/2) 


which means that w = (1 + c/2)'?. Optimal 
first employment is given by [(2p + p,)/ 
6w]?. But then, during low demand, the 
marginal value product of labor is p,/2W7 
(approximately .909) which is less than 1 — 
e/2 (or = .925). Hence, the firm will not 
find it profitable to decrease its labor force 
during low demand. As a result, it can do 
better by offering a fixed wage-fixed em- 
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ployment contract compared to the fully 
flexible employment policy. By an analogous 
argument, we can exclude the possibility of 
a contract involving only increased em- 
ployment during high demand. For the 
values æ = 45, c = .15, the fully variable 
employment contract is a Nash equilibrium. 

Although the example chosen requires 
employees to be risk averse, and this 
generally increases the range of parameters 
for which this phenomenon occurs, it is not 
by itself responsible. To see this, let us 
examine a situation in which both firms 
initially have fixed wages, and demand 
shifts are such that the price of the good in 
high demand exceeds that of the low-de- 
mand good by an amount between c and 2c. 
Since, at a common level of employment, 
the marginal value product of a worker is 
proportional to the price of the output, it is 
possible to improve resource allocation 
(raise GNP) by transferring the marginal 
worker. But since his wage in the low- 
demand industry exceeds his marginal value 
product, he may not profitably be hired 
away, since at the prevailing prices his 
product in the high-demand industry is less 
than 1 + c. 

Having demonstrated the existence of two 
distinct equilibria, one would like to 
analyze how they compare from the point 
of view of the expected utility they provide. 
There are two aspects to be considered. One 
is whether, at equilibrium, the difference be- 
tween the marginal value products of the 
workers in the two firms is equal to the cost 
of transfer, c.” The other is whether workers 
are insured against variability in the wage 
they receive. A situation of variable wages 
allocates labor so that the difference in pro- 
ductivity is exactly equal to the cost of 
transfer. This is easily observed since wages 
differ by c, and each firm is at its most pre- 
ferred labor supply, where the wage is equal 
to the marginal product. However, this is 
achieved at the expense of exposing workers 
to risk, which could conceivably be insured 
against. It is clear that if the cost of trans- 


TIt is clear that the firm: will never find it optimal to 
offer either strictly more than 1 + c or strictly less than 
I — c to attract or get rid of labor, respectively. 


DECEMBER 1978 


ferring is small, the loss from not insuring 
(being of the order of c°) is negligible com- 
pared to the costs of misallocation of labor.’ 
If workers are risk neutral, no such am- 
biguity arises; variable wages are clearly 
superior. Furthermore, firms expected 
profits are higher in the variable wage 
regime. 


HI. Layoffs 


Risk aversion on behalf of employees is 
sufficient to rule out wage reductions to in- 
duce separations. This is easily explained. 
Suppose a firm were to dismiss the same 
number of employees as wage reductions 
accomplish. The newly terminated em- 
ployees would be no worse off and the re- 
maining workers would not suffer a wage 
reduction. Since workers are risk averse, 
they would be willing to forego an amount 
in the first period greater than the expected 
gain in second-period income. Firms could 
offer the same level of utility and increase 
expected profits by insuring workers against 
the possibility of wage reductions. 

Similarly, each firm will find labor costs 
lowest if it indemnifies workers against the 
costs of being terminated. Severance pay 
and supplementary unemployment benefits 
are common examples. Firms and workers 
both believe that workers can find another 
job at the prevailing wage after incurring 
the transfer expense c. The firms pay 
workers 1 in each period employed, and a 
severance pay of c if layed off. Because this 
policy exposes a worker to no risk, it is the 
cheapest way for a firm to offer the com- 
petitively determined level of utility. Each 
firm maximizes expected profits by choosing 
the appropriate labor input in the first 
period, and the number of workers ter- 
minated under conditions of weak demand. 
It takes the layoff policy of the other firm as 
given and is happy to employ the newly 
layed off when its own demand is strong, 
paying the common wage equal to one. 

Depending on the magnitude of the shift 
in demand, two situations may exist. If the 


8Inefficient allocation of labor affects the worker’s 
expected utility through higher variability of prices. 
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change in demand is great enough so that 
some workers are layed off, the marginal 
value product of a worker in the weak de- 
mand industry is equal to 1 — c. Since it is 
optimal to pay a severance pay of c to 
workers who are terminated, the marginal 
cost of a worker who is employed by the 
firm in the first period is equal to the ‘dif- 
ference between what he receives if he is 
employed, 1, and what he receives if ter- 
minated, c, or 1 — c. Since profit maximiza- 
tion implies that workers are hired in the 
initial period up to the point where ex- 
pected marginal product equals the wage, 
the worker’s marginal product under strong 
cemand must be equal to 1 + c (his first- 
period wage | exactly equals his first-period 
marginal product). Thus, if attention is con- 
fined to symmetric equilibria, where each 
firm has the same employment policy, the 
difference in productivity between the mar- 
ginal worker in the two industries is equal 
to 2c. Since it costs only c to transfer the 
marginal worker, it is clear that resource 
allocation could be improved if the mar- 
ginal worker were transferred from the 
weak-demand industry to the strong-demand 
industry. In this situation it is plain that it 
would not be profitable for the firm with 
strong demand to increase wages to attract 
new employees. It would have to offer at 
least 1 + c to encourage job transfers, at 
which point the new worker becomes a 
matter of indifference. However, it would 
have to raise the wages for all old workers 
zo accomplish this. Risk aversion implies 
that such an uncertain rise in future wages 
is valued at less than its expected value, so 
that expected labor costs necessarily rise 
under this policy, rendering it unprofitable. 
If the demand shifts are small, the com- 
petitive outcome may entail no layoffs or 
job transfers, even though some labor mo- 
bility would be desirable. Consider a change 
in tastes such that when output is main- 
tained at first-period levels the marginal 
product of a worker in the low-demand in- 
dustry is greater than 1 — c, but less than 
1 — c¢/2. Since the expected marginal 
product of a worker must equal his wage, 
the marginal product of a worker in the 
high-demand industry is between 1 + c/2 
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and 1 + c. Thus, there is no incentive for 
the low-demand industry to terminate wor- 
kers, because the marginal product of a 
worker exceeds his marginal cost | — c. But 
the difference in productivity between the 
marginal worker in the two industries is 
greater than the cost of transfer, so welfare 
could be improved if some workers were 
transferred and suitably compensated. 

Thus, the layoff equilibrium results in a 
less efficient allocation of labor than does 
variable wages. Workers, however, are in- 
sured against the possibility of wage re- 
ductions, so that there is an efficient al- 
location of risk. The layoff equilibrium is 
superior to the outcome under fixed wages, 
if some workers are in fact dismissed, as 
there is some labor mobility in the former, 
and in both there is an efficient allocation of 
risk. 


IV. Unemployment Insurance 


Several writers (Baily, 1974; Feldstein, 
1976; Azariadis) have pointed out that the 
current poor method of experience rating 
implies a very large subsidy to layoffs. By 
experience rating it is meant that employers 
pay the actuarially fair value of the benefits 
accruing to their terminated employees, so 
that firms realize that they ultimately bear 
the costs of terminations when making lay- 
off decisions, The current analysis suggests 
that such a subsidy may be desirable since 
it encourages labor mobility. 

Compulsory full experience-rating in- 
surance would have no effect in our model. 
Each firm would find it optimal to offer the 
benefits of such insurance on its own initia- 
tive, since any policy which exposes workers 
to risk is dominated by some certain income 
package. In the context of the model, how- 
ever, if firms are required to pay only half 
the cost of such employment benefits, labor 
will be allocated in the most efficient manner. 
Firms will dismiss workers when demand is 
low up to the point where their marginal 
product is equal to their marginal cost 1 — 
c/2, since c/2 must be paid in the form of 
higher unemployment insurance premiums 
if a worker is terminated. Since the mar- 
ginal worker is hired at the point where his 
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expected product equals his wage, the 
product under favorable demand must 
equal 1 + c/2. So the difference in pro- 
ductivity is exactly c, as efficiency requires. 
This is clearly a full optimum, since no 
worker is exposed to wage uncertainty. The 
insurance commission will make a loss, 
which must be covered by some means. This 
models the current situation where general 
tax revenue is sometimes used to finance un- 
employment benefits. 

The 50 percent rule is meant to be il- 
lustrative. It rests crucially on the symmetry 
of production functions and the probability 
distribution of demand shifts between the 
two industries. In more complicated situa- 
tions, there is no guarantee that a full 
optimum may be achieved by a policy which 
treats all firms identically. Nevertheless, the 
case for full experience rating is tenuous, In 
general, layoffs should be subsidized. 


vV. Conclusion 


In the context of the model, the only 
competitive outcome involves firms offering 
fixed wage contracts with the possibility of 
layoffs. The outcome is suboptimal in that 
labor is misallocated between the two in- 
dustries. If labor were not risk averse, this 
outcome would still be possible. However, 
it would also be possible in this case to have 
another equilibrium in which wages varied 
in response to demand. If this occurred, it 
would be efficient. 

Our model suggests that wage flexibility 
in one industry compliments wage flexibility 
in other industries. Recently, Robert Hall 
has argued that the presence of a large non- 
entrepreneurial sector of the economy 
marked by rigid wages reduces the flexibility 
of wages in the residual competitive profit- 
maximizing sector. Our findings support 
this ‘‘spill-over of rigidity,” as Hall terms it, 
at least in situations of unexpected demand 
changes between these two sectors (as op- 
posed to the more macro-economic concept 
of shifts in the aggregate level of demand). 

The downward inflexibility of wages is 
quite robust. This result, put forward by 
several earlier writers, merely requires that 
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firms be less risk averse than their em- 
ployees. The upward inflexibility of wages is 
an implication of our model. However, it is 
possible to conceive of more complicated 
situations where firms find it profitable to 
raise wages to attract additional workers. 
It is an interesting conjecture that this is 
responsible for an inflationary bias as the 
economy continually responds to demand 
shifts. However, such an implication is be- 
yond the scope of the simple two-period 
nonmonetary model we have presented. 

Perhaps the weakest ground upon which 
such analysis rests is the assumption of 
relative risk neutrality on behalf of firms. 
Two explanations for this have been ad- 
vanced. The first argues that entrepreneurs 
are self-selected on the basis of their 
tolerance of (or actual preference for) risk. 
The other recognizes that the opportunities 
for diversification of risk are greater in the 
capital market than in the labor market. 
This argument is valid so long as the risks 
are not systematic, and unexpected changes 
do not affect all firms equally. It is these 
types of risk for which our model is rele- 
vant, such as shifts in preferences. For un- 
expected changes in the level of aggregate 
demand, which more or less affects all firms 
equally, only the first explanation is opera- 
tive. The validity of this assumption is an 
empirical matter. 

Although our model is quite specific, 
some conclusions appear to be of more 
general validity. Declining firms find it 
profitable to employ more workers than im 
mediate considerations would imply. Ex- 
panding firms are frustrated in their quest 
for more labor by such forms of labor con- 
tracts whereby workers may receive more 
than their product. Thus a competitive 
economy might be less efficient in allocating 
labor during periods of fluctuating demand 
than during periods of relatively more stable 
demand. 
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Biased Screening and Discrimination 
in the Labor Market 


By GEORGE J. BorJAS AND MATTHEW S. GOLDBERG* 


The traditional economic analysis of dis- 
crimination is based on Gary Becker’s study 
of taste discrimination by employers, em- 
ployees, and consumers. More recent work 
by Kenneth Arrow (1972, 1973) has at- 
tempted to interpret intergroup wage dif- 
ferences in an alternative framework as a 
rational reaction to uncertainty in labor 
markets. His model of “statistical discrim- 
ination” demonstrates that when the screen- 
ing process used to determine a worker’s 
qualifications is costly, and prior expecta- 
tions of productivity differ across race or 
sex groups, then wage differentials may 
arise between workers of identical pro- 
ductivity. 

By implicitly assuming a perfect screen- 
ing process, Arrow ignores a potentially im- 
portant source of wage differentials, namely 
the fact that the screening process might be 
a more reliable predictor of productivity for 
one group than for another.! Our paper 
generalizes the Arrow model in two ways. 
First, in contrast to Arrow, we assume that 
all groups have identical distributions of 
productivity. Secondly, the screening pro- 
cess used by the firm to determine an ap- 
plicant’s productivity is “biased” in the 
sense that: a) members of various groups 
may “‘pass”’ the test in different proportions 


*University of California-Santa Barbara and Uni- 
versity of Chicago, respectively. We are indebted to 
Ann P. Bartel, Barry R. Chiswick, Linda N. Edwards, 
Ira M. Goldberg, Samuel Schwarz, the managing 
editor of this Review, and an anonymous referee for 
useful comments and suggestions on previous drafts of 
this paper. 

lin a rather different framework, Edmund Phelps 
has allowed for the reliability of the screening process 
to differ across groups. However, as Dennis Aigner 
and Glen Cain have shown, Phelps’ assumption that 
all applicants are hired by the firm leads to the con- 
clusion that expected wages are identical across 
groups, as long as the groups under consideration 
have the same expected productivity. Thus they 
argue that Phelps’ model is inadequate as an ex- 
planation of discrimination in the labor market. 


despite their identical productivity distribu- 
tions; and b) the predictive power of the 
test might vary across groups. Our objective 
is to analyze the effects of these types of 
biases in the screening process on the wage 
differentials between different population 
groups. 


I. The Model 


Consider a perfectly competitive in- 
dustry consisting of homogeneous firms. To 
help any particular firm determine the 
productivity of any given applicant, a 
screening process costing C dollars is 
undertaken? As a result of the screening 
each worker is assigned a score: passing 
(Q) or failing (U). The firm is assumed to 
hire all those (and only ne individuals 
who pass the test, i.e., the applicants. 
Moreover, the population can be par- 


- titioned into two mutually exclusive pro- 


ductivity groups in terms of the qualifica- 
tions necessary to perform the job in 
question: qualified individuals (Q ) and un- 
qualified individuals (U). Finally, the firm 
is assumed to know the distribution of 
productivity in each group. That is, the firm 
knows the probability, P;(Q), that an in- 
dividual from group i is qualified for the 
job. For expositional simplicity we consider 
two race groups, whites (i = w) and blacks 
(i = b). 

Within this framework, Arrow’s model is 
obtained by making two specific assump- 
tions. First, the test is a perfect predictor o! 
productivity, hence P,(Q) = P(Q)? Sec- 


2Note that due to our assumptions of homogene 
ous firms the testing procedure must be identica 
across firms. See A. Michael Spence and Josept 
Stiglitz for a more extensive discussion of the role o: 
screening in the labor market. 

3The assumption that the applicant’s productivity 
is known with certainty upon testing is similar to the 
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ondly, the proportion of qualified whites is 
higher than the proportion of qualified 
blacks, P,(Q) > P,(Q). Given these as- 
sumptions, the following conditions must 
hold in equilibrium for a risk-neutral firm: 


(1) P(Q)IMP,;-w]=C (= w,b) 


where w; is the competitive wage for group 
i, and MP, is the value of marginal product 
of qualified group i workers. These condi- 
tions have a straightforward economic 
interpretation. Applicants who score U are 
not hired, and hence do not contribute to 
the gains of the firm. If, on the other hand, 
an applicant is predicted (correctly) to be 
qualified, the gain to the firm is given by the 
difference between the marginal product of 
a qualified worker and the wage. Weighting 
this difference by the probability of being 
qualified yields the expected return from 
screening one more applicant and, in equi- 
librium, this return must equal the marginal 
cost of screening. Assuming that qualified 
white workers and qualified black workers 
are perfect substitutes in production, 
MP, = MP,, the equilibrium wage differ- 
ential is given by 


(2) 


Wy — Wp 


C 

PD Boy M2) - PO) 
If the proportion of qualified workers is 
larger in the white population than in the 
black population, qualified whites will re- 
ceive higher wages than their equally quali- 
fied black counterparts. That is, the exis- 
tence of uncertainty about productivity 
coupled with the costs incurred in de- 


common assumption in job search models that all job 


characteristics are known to the applicant upon 
searching the firm. See the authors for a relaxation 
of this assumption in job search models. 

4Arrow introduced this model in terms of em- 
ployer beliefs concerning the joint distribution of pro- 
ductivity and test scores in each racial group. Note, 
however, that it is inconsistent to have both perfect 
testing and beliefs which are erroneous; that is, beliefs 
that will not be confirmed by a perfect screening 
process. In order to be internally consistent, it must be 
assumed that employer beliefs concerning the pro- 
ductivity distribution in each race group are indeed 
justified. 
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termining that productivity will lead to firm 
behavior, which in effect makes qualified 
blacks “pay” for their group’s smaller 
expected productivity. 

Note that the wage differential vanishes 
when the two groups under consideration 
have the same productivity distribution. 
Our model (to be presented below) differs 
in that even abstracting from group pro- 
ductivity differences and setting P,(Q) = 
P,(Q), we are able to generate wage 
differentials. This is accomplished by al- 
lowing for imperfect testing. In particular, 
we assume that screening processes are 
biased against blacks so that blacks having 
the same productivity as whites tend to per- 
form worse on the test and/or the test is of 
a lower predictive power for blacks than for 
whites. This hypothesis has received exten- 
sive study in the psychological literature 
with respect to differences in IQ scores be- 
tween whites and blacks. Two explanations 
have been advanced to explain this phe- 
nomenon. The first states that the score 
differential can be attributed to real dif- 
ferences in ability which might be due to 
genetic and/or environmental differences 
across races. The second argument states 
that the score differential is due to a “‘cul- 
tural bias” in the test: since intelligence 
tests are prepared by members of the “rul- 
ing” white middle class, it is inevitable that 
the test questions will be loaded in favor of 
experiences familiar to this group.’ Because 
of our assumption of identical productivity 
distributions across races, it is this latter 
type of effect which we are considering. 

The introduction of imperfect testing af- 
fects the equilibrium conditions described 


earlier since the firm must take account of ` 


the possibility that some individuals who 
pass the test will in fact be unqualified. Let 
MP, (MP,) denote the marginal product of 
a qualified (unqualified) worker. Due to our 
assumption that qualified (or unqualified) 
whites and blacks are perfect substitutes in 
production, both MP, and MP, are in- 
variant to race. From the point of view of 


5For a more extended discussion of these hypoth- 
eses, see Anne Anastasi and Arthur Jensen. 
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the firm, therefore, the expected marginal 
product of an employee from race group i 
is MP; = P(Q| Q)MP, + P(U| pai 
This expected marginal product is 
weighted average of the marginal aise 
of qualified and unqualified workers. The 
weights sum to unity and consist of the 
probabilities that a worker is qualified 
(unqualified) given that he has passed the 
test. Thus the equilibrium conditions must 
be modified to 


(3) P(O)[P(Q| O)MP, 
+ P(U| O)MP, - wi) = (i = w,b) 


From equation (3) we obtain the market 
wage differential: 


[P.(Q1 Ô) - P(Q | Ô) 
-(MP, — MP,) + 


(4) Wy — We = 


poet RARE 
P(O)P(O) 
“[Pu(Q) — PÔ) 


If the bias is such that a black applicant 
has a smaller probability of passing the test, 
despite the absence of group productivity 
differences, then the second term in (4) will 
be positive. This term represents the ‘‘cost 
effect” of biased testing, and it will favor 
whites. It is important to note the similarity 
between the cost term here and the wage 
differential in the Arrow model as given by 
equation (2). Either imperfect testing or 
true differences in the productivity distribu- 
tions will generate a term of this form, and 
thus the two models yield identical predic- 
tions with respect to the cost effect of 
discrimination. 

Only imperfect testing, however, creates 
the additional “productivity effect” given 
by the first term in equation (4). The sign of 
this term will depend upon how P(Q. Q) 
differs across races and, of course, these 
conditional probabilities are related to the 
joint distribution of productivity and test 
scores, To examine how the screening bias 
affects this joint distribution, a change of 
variables is useful. In particular, define a 
random variable Y; which is set equal to 
unity if the individual is truly qualified and 
zero otherwise. Similarly, let Z; equal unity 
if the individual passes the test and zero 
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otherwise. Given these definitions, we can 
then measure the predictive power of the 
test by computing the correlation coef- 
ficient between the random variables Y, 
and Z; yielding:® 


(5) n = PLÊN” (PAOD) - POD) 
© (PÔ)? (P(Q) P(U))'? 
(i = w,b) 


Given equation (5) we can solve for 
P,(Q| Ô) and substitute into the wage dif- 
ferential in (4) yielding: 


(©) we- w = (P(Q) PUNE 
l (P,(U))'? eee 
47w Anp T "h ANIZ 
(P,(Ô)) (P,(Q)) 


C 
- (MP, — MP, = 
CEE Te POR) 
-LP„(Ô) — Pa(O)] 


Therefore the productivity effect of biased 
screening is seen to depend upon the racial 
differences in z; and P;(Q). To isolate the 
separate effects of these two variables it is 
illuminating to first consider two special 
cases. 


CASE 1: Suppose that the screening process 
has the property that r, > r, and P,(Q) = 
P,(Ô). Thus while whites and blacks pass the 
screening process with equal probability, the 
test performs its task of “matching” quali- 
fied applicants [Y; = 1] with passing scores 
[Z; = 1] more reliably for whites than for 
blacks. 


A simple example will illustrate this 
point. Consider a firm which screens four 
applicants from each race group, and sup- 
pose that the distributions of Y, (productiv- 
ity) and Z; (test scores) are as given in 
Table 1. It is clear that although P,(O) = 
P,(Q) = .5, the test does a much better job 


SIt can easily be shown that Y; and Z; are char- 
acterized by the following properties: E(Y;) = P(Q), 
E(Z) = PQ), var(¥;) = P(Q)P(U), var(Z,) = 
PQ) P(O), co(¥;,Z;) = P(@ N QO) - PO). 
Pi(O). Note that we omit the subscript i from the 
probabilities P(Q) and P(U) since the productivity 
distribution is invariant to race. 
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TABLE 1 tive for blacks, dilutes the quality of the 
: white labor force, and these errors (al- 
Whites Blacks though opposite in nature) have identical 
Yy Zu Yp Zo effects on the correlation coefficients. 
i 1 1 1 Given these properties, we see from equa- 
1 1 l 0 tion (6) that the first term is negative, thus 
o i : : this type of biased testing produces a pro- 


of predicting the productivity of white ap- 
plicants. In fact, the test predicts perfectly 
for whites [rẹ = 1], yet the predictions for 
blacks are totally random [r, = 0]. If the 
screening process has these properties, it 
can be seen from (6) that the productivity 
effect is positive and the cost effect vanishes. 
Since the white applicants hired are likely to 
be of better quality, white workers in the 
firm will have a higher expected marginal 
product, MP, > MP,, and hence a higher 
wage. 


CASE 2: Suppose the screening process is 
such that P,(Q) > P(Q) and r, = r,. Thus 
although a greater proportion of white ap- 
plicants receive passing scores, the ability of 
the test to predict qualifications is equal for 
both groups. 


The plausibility of this case is illustrated 
by the example in Table 2. We find that al- 
though P,(Q) > P(Q), the correlation co- 
efficients are equal, r, = r, = .58. Since 
two of the four applicants from each race 
are truly qualified [ Y; = 1], a perfect testing 
procedure would grant passing scores to 
precisely these individuals. Due to the bias, 
however, one of the two qualified blacks is 
erroneously assigned a failing score, while 
one of the two unqualified whites is assigned 
a passing score. Thus the test is too selec- 











TABLE 2 
Whites Blacks 
Yy Zy Y, Zp 
1 1 1 1 
1 1 l 0 
0 1 0 0 
0 0 0 0 





ductivity effect which favors blacks. The 
reason is that by being more selective for 
black applicants, those blacks who do pass 
the test are more likely to be qualified than 
their white counterparts in the firm, hence 
MP, > MP,,. Therefore, abstracting from 
the cost effect, we find that a testing bias 
in which firms are much more selective in 
screening blacks actually improves the rela- 
tive position of black workers hired.’ 





CASE 3: In general, a biased test will, of 
course, create a cost effect favoring whites, 
as well as a productivity effect ambiguous in 
sign. In fact, the productivity effect will be 
positive, zero, or negative depending on 


(7) Fy a Pu(Q) PÔ) 
rh ~ PQ) P,(0) 


We have seen that there are two opposing 
influences on the relative productivity of 
black workers. First, by being more selec- 
tive in the hiring of blacks, those blacks 
who are hired are likely to be of better 
average quality. However, this effect is 
counterbalanced by the fact that the scores 


of black applicants may be less informative 


than those of whites, so that being selective 
and hiring only the highest ranked blacks 
need not necessarily improve the expected 
productivity of black workers. 


7{t can be shown that the productivity effect will 
exist only if 0 < r < 1, where y is the common level of 
the correlation coefficient. If the screening process pro- 
vides no useful information on the applicant’s pro- 
ductivity, then the random variables Q and Q are 
statistically independent and P,,(@| Ê) = P(Q | Ê) = 
P(Q). No productivity effect exists since all workers 
hired, whether white or black, are randomly chosen 
by the firm. Hence biased screening must worsen the 
relative position of blacks through the cost effect. 
Similarly, if the test were of perfect quality all those 
individuals who passed, white or black, would be 
qualified with certainty. Again, the productivity ef- 
fect would vanish. 
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It is important to emphasize that the 


screening biases discussed in this paper 
change the expected productivity of work- 
ers from each race group within the firm 
despite the fact that the population dis- 
tributions of productivity are identical. 
These differences in productivity will in 
turn affect the interpretations of observed 
wage differences between black and white 
workers. In particular, suppose that the net 
effect of biased screening is that MP, > 
MP,, (as in Case 2 above). An important 
empirical implication of this result is that 
the observed market wage differential 
underestimates the true extent of discrimina- 
tion. That is, since biased screening leads 
to the hiring of superior blacks, in order to 
compute the true magnitude of discrimina- 
tion we must take the observed wage dif- 
ferential and add onto it the difference in 
expected productivity between races. Al- 
ternatively, if MP, < MP,, the market 
wage differential would overestimate the 
true extent of discrimination. 





II. Summary 


Statistical discrimination models have 
provided an explanation of why informa- 
tion on race is rationally taken into account 
by profit-maximizing employers. We have 
expanded the analysis by considering the 
case in which the firm uses a screening 
process which does not provide perfect in- 
formation on an applicant’s productivity 
and which is biased against members of a 
particular race group. We considered the 
two consequences of this bias on the screen- 
ing process: First, the bias might result in 
one race group (for concreteness, blacks) 
obtaining lower scores despite the fact that 
the productivity distribution is invariant to 
race. Secondly, the bias might also affect 
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the quality of the test in the sense that black 
scores would be less reliable measures of 
productivity. It was shown that by intro- 
ducing the realistic concept of screening 
bias, wage differentials between black and 
white workers could be explained without 
recourse to assumptions of differential abil- 
ity distributions across groups. 
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Derived Demand and Distributive Shares in a 
Multifactor Multisector Model 


By DaviD BIGMAN* 


Most studies on the derived demand for 
factor inputs at the aggregate, nationwide 
level, and on the behavior of distributive 
shares in national income, form an analyti- 
cal framework at the aggregate level which 
is parallel with the one at the industry 
level, by defining an aggregate production 
function for the economy as a whole. Un- 
fortunately, the conditions for intersectoral 
aggregation are extremely restrictive and 
such an aggregate production function will 
be consistent with the sectoral technologies 
if and only if factor intensities are identical 
across sectors.' For most practical pur- 
poses, these conditions must be considered 
inappropriate. 

In his skeptical note on this approach, 
Robert Solow remarked that 


... [this] theory is in the first instance a 
microeconomic one. Between produc- 
tion functions and factor-ratios on the 
one hand, and aggregate distributive 
shares on the other lies a whole string 
of intermediate variables: elasticities 
of substitution, commodity-demand 
and factor-supply conditions, markets 
of different degrees of competitiveness 
and monopoly, far-from-neutral taxes. 
It is hard to believe that the theory of- 
fers any grip at all on the variability of 
relative shares as the data changes—in 
fact this may be viewed by some as a 
symptom of its emptiness. [p. 620] 


A more comprehensive approach would re- 
quire carrying out the analysis within the 
framework of a miulti-sector model in 
which shifts in factor prices or factor sup- 
plies affect all the sectors simultaneously, 
and to examine the effects on the aggregates 


*Department of political economy, Johns Hop- 
kins University. I am indebted to Carl Christ, 
Charles Hulten, and an anonymous referee for help- 
ful comments that have led to improvements in 
substance and exposition. 

'See H. A. J. Green; Franklin Fisher. 
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via the equilibrium conditions in the 
product and the factor markets. This ap- 
proach is not constrained by the restrictive 
conditions on intersectoral aggregation of 
the functional relationships between inputs 
and outputs and permits the incorporation 
of demand and supply conditions in the 
various markets. 

The purpose of this paper is to take a first 
step in that direction by suggesting the ele- 
ments of the theory of derived demand and 
distributive shares within the generalized 
multifactor multisector model. The ques- 
tions considered in the paper are the effects 
on the aggregate quantity demanded of a 
factor and on its absolute and relative share 
in national income of a change in its own 
price or in other factor prices. 

As is well known, in a single-sector model 
the trend in the relative share of a given in- 
put depends on the distribution of the cor- 
responding elasticity of substitution on 
either side of unity.? In the multisector 
framework the answer is substantially dif- 
ferent and involves also the price elasticities 
of the demands for the products. Our re- 
sults dispel much of the myth surrounding 
the Cobb-Douglas production function by 
indicating that even when in each sector of 
the economy the production process can be 
characterized by this functional form, this 
is neither a necessary nor sufficient condi- 
tion for the constancy of the aggregate in- 
come shares. 


I. The Model 


The economy in the model consists of n 
sectors. To simplify the exposition inter- 
industry relationships via the flow of inter- 
mediate inputs are disregarded and it is 


2For the analysis in the one-sector multifactor 
framework, see Ryuzo Sato and Tetsunori Koizumi 
(1973a). 
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assumed that there are m primary non- 
produced inputs. Outputs are determined 
by neoclassical production functions of the 
form? 


0) Y, = FX... 


where Y; is the output produced and Xj is 
the input of factor of type i employed in the 
production of the jth industry. The F’’s are 
assumed homogeneous of degree one, con- 
cave, and twice continuously differentiable. 
By the homogeneity property, we may 
write (1) 


(2) 1 = Play,-..,@y)  j=l,....0 


wherea, = X,/Yj;i = 1...m,j = 1,...,0. 
Under equilibrium conditions in each 
sector, we can derive the cost function of 
that sector as a function of factor prices 
and output. The cost functions are dual to 
the production functions, and by the linear 
homogeneity of the F’’s, can be written as 


(3) Ci(wy, .- <5 Wms Yj) = Y,- c/w...) Wm) 


where w; is the price (or the rental rate) of 
the ith factor input, C’ is the total cost func- 
tion, and œ is the unit-cost function in the 
jth sector. The function c’ is independent of 
Y; and is linearly homogeneous in factor 
prices.’ In equilibrium for each industry 


(4) c’ = Dj 


where p, is the price of the jth product, and 
by a well-known theorem of duality theory, 


(5) c} = ay 


where c = dc’/dw;. Thus, in equilibrium 
the a,’s are functions of the factor prices 
(w,..., Wm) only, since there are no returns 
to scale effects. 

To analyze the effect of a change in any 
of the factor prices on the quantity de- 
manded by each sector of a given input, a 
convenient form of representing the substi- 
tution effects is the (Allen-Uzawa) partial 


j=l,....n 


3Henceforth, j denotes sectors and i, k, and k denote 
factor inputs. 

4See Ronald D. Shephard. The linear homogeneity 
of the cost function in prices does not depend on the 
linear homogeneity of F. 
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elasticity of substitution, denoted o4,:° 


1 ; 
(6) oh ð log Xy 


Sa ô log wy 
ih = 1,... 


where S, is the relative share of the Ath fac- 
tor in total (optimal) expenditure of the jth 
sector. The elasticity o4, is calculated for 
constant output and all other factor prices 
{wz}, (k = h). It thus measures the response 
of the derived demand for the ith factor in 
a given industry to an input price change, 
holding output and all other input prices 
fixed. Under competitive equilibrium con- 
ditions® 


(7) cha = > 


m, j= l,... 7 


where ch, = 4’c//dw,dw,. By the symmetry 
of thé bordered Hessian of the production 
function F! we have ch = ch and also 
oh, = oy. 

In full employment, the aggregate quan- 
tities of factor inputs are given by 


(8) Ky = L Xy i= l,m 
= 


Thus, the above quantity and price equa- 
tions can be expressed in vector notations 
by 


(9) X = AY 
(10) p= WA 


where X¥ = (X;) is the vector of factors’ 
aggregate quantities, Y = (Y;) is the vector 
of outputs, A = (ay) is the matrix of input- 
output coefficients, p = (p;) is the vector of 
output prices and w = (w;) is the vector of 
factor prices. 

By taking the total differential of (10) 
we get 


(11) p' = w'A + wd! 


where primes denote differentials of the e:c- 
ments of a vector or a matrix. Efficiency 
conditions imply that 


5See R. G. D. Allen (p. 520). 
6See Hirofumi Uzawa and Sato and Koizumi 
(1973b). 
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(12) wA' = 0 


To see this, examine the element wa; of 
that vector, a; being the jth column of A. 
Under the equilibrium condition (4) 


(13) 


m 
a= X chw 1<i<sm, 1<j<n 
Hence 
waj = 


chwi 


u 


Since P is ene of degree zero in 
prices, and the Euler relation of (5) is given 
by 
m P m L 
a ChWa = È Chwi = 0 


h 
lsi hem i<js 


The condition wa; = 0 simply says that the 
problem “min wa,; subject to F(a) = 1,” 
has been solved already so that there is no 
variation in the value of the objective func- 
tion wa; for any change in q;. 

In equilibrium in the product markets, 
the changes in the quantity of output sup- 
plied (and demanded) depend on the rate at 
which output prices are changing and on 
the price elasticity of the demand for the 
products. Thus, we assume’ 


7Notice that in assuming zero cross-price elasticities 
and disregarding the income effect on demand of a 
change in input prices, the implicit assumption is that 
the individuals in the economy are momentarily not in 
equilibrium. Thus, the cross-price effects as well as 
the income effect are not shown in the markets over 
the short run. We, therefore, examine the initial re- 
sponse of the producing sectors to an exogeneous 
shift in factor prices along their short-run expan- 
sion path, This is in line with the traditional Hicksian 
analysis of the derived demand for factor inputs 
where interest is centered on the initial effect on the 
quantity demanded of a factor resulting from a 
change in its own price or in other prices. According 
to this assumption the producers’ response to factor- 
price shifts is initially based on the change in their 
production costs and on the demand conditions for 
their own products. In revising the production plans 
and thus the derived demand for factor inputs, other 
effects—which would be reflected in the markets over 
a longer period of time—are not initially taken into 
account. It should be noted, however, that the pa- 
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(14) ¥ = - nop 

where circumflexes represent relative 
change or logarithmic partial derivatives of 
the elements of the vector, and ap = 
Diag(m,...;1n), nj being the price elastic- 
ity of the demand for the jth product, i.e., 
nj = — Èp. 

Thus, frem (11), (12) and (14), 


(15) Y' = -w'A + (pp)'nYp 


where pp = Diag(pi,. 
Diag (Y;,..., Yn). 


->Pn) and Yp = 


II. Derived Demands and Absolute Shares 


The change in the absolute share of a fac- 
tor as a result of a change in that factor 
price is directly affected by the derived de- 


mand elasticity for that factor. Mathe- 
matically stated, if V, = w,X,, then 

DE a IE a fy Be Pt Sy 

Wi Wi i 


where A, is the derived demand elasticity of 
the ith factor input. Since the ith factor in- 
put is used in n production processes it 
would be interesting to examine how AÀ; is 
related to the other demand and supply 
elasticities. 

By taking the total differential of (9) we 
get X’ = A'Y + AY’ which, by (15) implies 


(6) X' = A'Y — A(pp)’ np ¥pA™w' 


where superscript 7 denotes the transpose 
of a matrix (vector). 

When the only change is in the price of 
the Ath factor, the resulting change in the 
aggregate derived demand for the ith factor 
is obtained from (16), and via (14) and (7) 
can be expressed in elasticity terms by 


0X; n Y, n Y, 
2 aja i -—] SH [Ss aja nj =] 
aw, qa ig Thy F in Pi A pnp tj ; 


which can also be written as 


an 2u h BN o 


aw, ist P, Y, m) 


per’s main conclusions remain intact even when the 
cross-price effects are taken into account. 
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As a special case of (17) one gets the rela- 
tion 

ô log X; 

ô log Wy 





= S,(o% — n) 


derived in the one-product many-inputs 
model by Allen, p. 508. ` 

When all factor prices are changing, the 
relative change in the derived demand for 
the ith factor input, is given by 
18) f= 5 F e 9 
(18) X; = 2 ÈS i Say (Oj, n) Wa 
where R; = p; Y; /pY is the share of the j th 
industry in total national output, S$; = 
w,X;,/pY is the share of the ith factor in 
total national income, and S} = w,X;/ 
P; Y; is its share in the income of the jth 
sector. The one-sector multifactor analog of 
(18) is given (omitting the subscript j) by 


08) X= È, Salon — n) Ôa 


The relative change in the absolute share 
of a factor as an effect of a change in any 
one of the factor prices is directly obtained 
from (17). Denote the absolute share of the 
ith factor input by V;, then V; = w;X; and 
V, =, + X;. Thus, when h = i, 


ô log V; 
u9) ô log wy 





a R 
= Pi Sy Su (oF, = n;) 


and when h = i, i.e. the change is in its own 

price, 

dlog V; a Rj 
= S 

dlogw, j=í S; 


[E Si -= oh) + Sy- 1- n] 
i 


(19°) 





ij 


Equation (19’) shows how the derived de- 
mand elasticity À; is related to the other 
elasticities in a special-case where supply 
of all other inputs’ is perfectly inelastic. 
The one-sector multifactor analog of (19') 
is given by 


ô log V, n 
EG = X Sall oa) Sm 


19” 
( l oew hzi 


Obviously, if the internal structure of the 
production function on the one hand and 
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the demand conditions for the product of 
each sector on the other are such that an in- 
crease in the price of one factor results in an 
increase (or a decrease) in the absolute 
share of that factor in each of the sectors in 
the economy, the same results will be re- 
corded for the aggregate absolute share of 
that factor. This, however, is no longer the 
case with regard to the relative share of a 
factor, which we now turn to examine. 


HI. Relative Shares 


To derive the change in the relative share 
of a factor as an effect of a change in any 
one of the factor prices take the logarithmic 
partial differential of S; = V;/pY to get 


(20) $ =v- 

From the equilibrium condition pY = 
wX, we have 
(21) pP'Y+pY'=wX + wX' 

From (16) we get 
(22) wX' = wA'Y — wA(pp)'np(Yp)A7w' 
which by (10) and (12) yields 
(23) wX' = — w'AnnY 


By referring to the Walras identity wY = 
pY and the condition wd’ = 0 (equation 
(12)) we get 


wX + wX' = w'AY + wA'Y + wdAY' 
= w'X + (wA’)Y + pY' 
= w'X + pY’ 
Hence 
(24) wX' = pY' 


Heuristically equation (24) says that the 
economy-wide profit-maximization prob- 
lem “max (pY — wX)” has been solved by 
optimally adjusting the Y and X vectors. 

Thus the real change in the physical 
inputs evaluated or weighted by the equi- 
librium factor prices (rental rates) is equal 
to the real change in total output, defined 
as the changes in the physical quantities pro- 
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duced evaluated at the equilibrium prices of 
the products. By referring to equations (23) 
and (24) we can observe that as an effect of 
an increase in factor prices there will always 
be a real decline in the level of income and 
output. This, however, need not be the case 
with regard to the. va/ue of income and out- 
put because of the price effect, since 


(25) w'X + wX' = w'A(I— mp) ¥ 


When the only change is in the price of 
the Ath factor input, (25) can be written as 


wX + wX' a z 
(26) ie ar = >» RiSy (l — nj) > Wr 
Thus, from (19), (20), and (26), the change 
in the relative share of the ith factor input 
as an effect of a change in the price of the 
hth factor input, h = i, is given by 


(27) S; = È R;Syl Sylo = nj) 


= Si — nj)] - Or 
and the effect of a change in its own price, 
i.e., h = i, is given by 


07) Si= X R Sil E WU — oh) 


- (S; - SiO Fe n;)] -Ñi 


The one-sector multifactor analog of (27) 
is given in relative change terms by 


(27") $i = Salon — 1) + 
From (27”) one can derive the relations, 
presented by Sato and Koizumi (1973a, 
equation 6a), between the sign of 0S;/dw, 
and the distribution of the corresponding 
elasticity of substitution on either side of 
unity. Notice that in the one-sector frame- 
work, the price elasticity of demand does 
not affect the change in the relative share, 
whereas it does have an effect in the multi- 
sector framework. In the one-sector case 
this is due to the absence of a returns to 
scale effect, whereby the relative share of a 
factor is determined by variables which are 
independent of the level of output, i.e., 
S; = a;w;/c. By taking the logarithmic 
total differential of the latter expression, to- 
gether with equilibrium conditions (5) and 
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(7), we obtain the rate of change in the 
relative share of the ith factor input as an 
effect of the change in all factor prices. 


(27"") $, = > S, (Ùi _ CO = Tin) 
hal 


The latter structural equation provides, as 
special cases, the other relations presented 
by Sato and Koizumi for exogenous price 
shifts. From (27”) we conclude that the 
relative share of the ith factor input in total 
(optimal) expenditure of a given sector will 
increase, remain constant, or decrease as an 
effect of an increase in the price of the Ath 
factor input according as the corresponding 
elasticity of substitution between these two 
factors is greater than, equal to, or smaller 
than unity, i.e., sgndS;/dw, =0 according 
as oy, 21. Yet in (27) we can see that even 
when this condition is satisfied for each of 
the n sectors in the economy it is neither, 
necessary nor sufficient to ensure that the 
aggregate share of that factor in total na- 
tional income will also change in the same 
direction. The reason for that is the simul- 
taneous changes in output prices and quan- 
tities and thus the changes in the value of 
the national income, that do have an effect 
on the aggregate share of the factor. 
(By 27"), we can write (27) as 


(28) S; = z R;S} + 2 RSy(S; — Sy) 


“(nj — 1)- Wh 
The first expression on the right-hand 
side of (28) is a weighted average of the 
changes in sectoral shares. The second ex- 
pression manifests the effect of expansion 
(or contraction) in output. Solow has 
counted only the first expression in dis- 
cussing the aggregation of changes in the 
relative shares at the industry levels up to 
the national level. In (28) we observe, how- 
ever, that the expansion effect might be 
quite significant, unless all demand elas- 
ticities are identically unity. 
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Determining the Monetary Instrument: 
A Diagrammatic Exposition 


By STEPHEN F. LEROY AND Davip E. LINDSEY* 


The problem of determining short-run 
monetary policy is often posed as that of 
choosing which of several variables to take 
as the monetary instrument, which is under- 
stood to mean choosing which variable to 
maintain at a preassigned level under ran- 
dom shifts in the structural equations. In 
the simplest case, this problem has been 
unambiguously solved. Suppose that we 
have a static linear IS-LM structure with 
independent normally distributed errors 
and known coefficients: 


yrangtai+u a< 0 
y =b +bm+bi+y b >0,b,>0 


where y, i, and m are income, the interest 
rate, and the money stock, respectively, and 
the errors u and v have zero means and 
variances o2 and o?.' Assume that the loss 
equals the mean squared deviation of in- 
come around some target level y* and that 
the money stock and the interest rate (but 
not income) are observable, implying that 
the monetary authority can adopt either a 
pure interest rate or a pure money stock 
policy. Its choice between these will depend 


tt 


*University of California-Santa Barbara and Federal 
Reserve Board, respectively. The views expressed here 
are solely our own and do not necessarily represent the 
views of the Board of Governors of the Federal Re- 
serve System, 

IThe assumption that the errors u and v are in- 
dependent is a normalization and involves no loss of 
generality. To see this, observe that if e, = 0, a new 
EM equation may be derived by multiplying the ZS 
equation by o,,/o2, subtracting the result from the 
LM equation and solving for income. The new LM 
equation is indistinguishable from the original equation, 
except that its error is independent of u. In econometric 
terms, the normalization ¢,, = 0 may be interpreted as 
a restriction serving to identify the structural param- 
eters. For a discussion of identification from covariance 
restrictions, and identification generally, see Franklin 
M. Fisher, especially ch. 4. The LM function is solved 
for y rather than m because it will be convenient below 
to have the errors u and y expressed in common units. 
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on which generates a lower loss when set at 
its optimal level. 

It can be shown that under either instru- 
ment, the loss equals the variance of the 
error in the reduced-form equation for in- 
come when that instrument is taken as exog- 
enous.’ Since the reduced form for income 
is 


Yragtait+u 


when the interest rate is the instrument (i.e., 
it coincides with the ZS equation) and 


oe a,b, rm a, bo <= a,b,m + bu — ayy 
bı- a, 


under a money stock policy, the interest 
rate is taken as the instrument if 


a _ 6302 + aio? 


(o GR ET 


and the money stock is taken as the instru- 
ment if the reverse inequality is satisfied. 
The analysis of instrument choice just 
presented, due originally to Poole (1970), 
has been accorded widespread attention. It 
has been applied in empirical studies of the 
choice both of an intermediate target (see 
Robert Holbrook and Harold Shapiro) and 


2See William Poole (1970) where the solution was 
first presented, and LeRoy and Roger Waud (1977) for 
further discussion. Poole also discusses a “combina- 
tion policy” under which the two candidate variables 
are assumed to be linearly related. In LeRoy and 
Waud it is argued that the monetary authority has a 
choice among instruments only if more than one 
variable is currently perfectly observable, and in that 
case the monetary authority would always choose the 
optimal combination policy in preference to a pure 
policy (unless, of course, the combination policy coin- 
cides with one of the pure policies). The primary focus 
of this article on pure policies is justified by the fact 
that these have dominated professional discussion of 
the instrument problem to the virtual exclusion of the 
combination policy, even though the latter has a 
sounder analytical grounding. 
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of an operating target for controlling money 
(see, for example, James Pierce and Thomas 
Thomson). Poole’s analysis has recently 
been invoked by both sides in the debate re- 
garding the policy implications of the al- 
leged shift in the money demand function 
(see, for example, Jared Enzler, Lewis 
Johnson, and John Paulus; Stephen Gold- 
feld; Michael Hamburger). Poole (1971) 
also presented a diagrammatic exposition of 
instrument choice which has become well 
known. It is not commonly realized that 
his diagrammatic representation of instru- 
ment choice is based on assumptions dif- 
ferent from, and less appealing than, those 
underlying the algebraic treatment, and that 
the two methods sometimes generate op- 
posite recommendations for the monetary 
instrument (see our earlier version of this 
paper). Our purpose in this article is to 
present a diagrammatic analysis of instru- 
ment choice that is based on, and is there- 
fore consistent with, Poole’s algebraic treat- 
ment. We also derive implications of the 
analysis which have not been recognized 
before. The development in the text is at an 
intuitive level; a technical justification for 
the results is found in the Appendix. 

The proposed diagrammatic development 
is based on the fact that in the model under 
discussion both the interest rate and the 
money stock are observable. (This must be 
true since otherwise the Federal Reserve 
would not be able to choose either of the 
two variables as the monetary instrument.)? 
The fact that both variables are observable 
means that information is available upon 
which to base conditional estimates of the 
random shifts in the Z/S and LM equations 
and, therefore, upon which to appraise the 
likely effect of either pure policy on income. 
Specifically, in Figure 1 let JS, and LM, be 
the normal JS and LM functions, inter- 
secting at y = y* andi = i*. They are drawn 
foru = v = 0, and the LM curve is drawn 
for the certainty equivalence value of money 
m*, implied by y* and i*. Suppose, how- 
ever, that in the current period the Federal 


3See LeRoy, and LeRoy and Waud (1976, 1977) for 
discussion of the notion of observability. 
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LM |m=m*, imputed v<0 
LM, | m=m*, imputed v=0 






ISp |imputed u>O 


FIGURE | 


Reserve discovers that if it maintains the 
money stock at m*, the interest rate will 
rise to i, higher than the normal i*, in re- 
sponse to the realizations of u and v. The 
Federal Reserve needs to determine the 
likely effect on income if it, in fact, allows 
this rise in the interest rate to occur by 
maintaining the money stock at m* vs. that 
which would occur if it were to stabilize the 
interest rate at the normal level i*, by in- 
stead allowing the money stock to increase. 


` To make this determination, it is necessary 


to estimate whether the JS curve has shifted 
to the right, due to a positive realization of 
u, or the LM curve has shifted to the left, 
due to a negative realization of v, or both. 
Because income is not observable, the 
separate realizations of u and y cannot be 
determined directly and must be imputed. 
These estimates will necessarily depend on, 
the relation between the error variances of 
the respective functions. If the ZS equation, 
is completely stable (2 = 0), the entire! 
variation in the interest rate is imputed to 
the LM curve, which must have shifted to | 
LM, if m = m* andi = i are to be consis- 
tent. Accordingly, income will equal y, 
under a money stock policy and y* under 


-an interest rate policy, since the normal 


interest rate i* can be maintained only if 
enough money is supplied to shift the LM 
function back to LM,. Obviously, an in- 
terest rate policy is preferred, since under 
the assumed stability of the ZS equation an’ 
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nterest rate policy guarantees that income 
vill always equal its optimal level. Now, 
consider the reverse situation in which the 
LM equation is completely stable (e? = 0). 
In this case, the entire shift in the interest 
‘ate is imputed to the JS curve, implying 
hat income will equal y, under a money 
itock policy and y, under an interest rate 
rolicy. In either case, income exceeds the 
»ptimum, but the excess is greater under an 
nterest rate policy, implying that a money 
itock policy is preferred. 

_Now suppose that both the JS and LM 
:quations are subject to random shifts. The 
inalysis of the simpler case in which either 
he JS or the LM equation is stable suggests 
hat if both equations are unstable, the 
‘hange in the interest rate which would oc- 
cur under a money stock policy will be 


mputed to shifts in both curves. On intui-: 


ive grounds, one would expect the amount 
of the shift imputed to each equation to be 
wroportional to the variance of its error 
‘elative to that of the other, and this turns 
ut to be exactly the case. 

We have just shown that if the interest 
‘ate equaled i and the JS (LM) curve were 
itable, expected income would be expressed 
3y the horizontal coordinate of the inter- 
ection of the JS, (LM,) equation with the 
ine i = i, denoted by A (B) in Figure 2. If 
roth equations are subject to random er- 
‘ors, we may determine the imputed shifts 
n the JS and LM curves by defining a 
,0int C on the line segment AB such that 
he length of the segment AC is to the 
mgth of CB as the variance of u is to the 
rariance of y. In Figure 2, it is assumed that 
„$ is about twice as great as 02; consequently 
Z is chosen about one-third of the distance 
rom A to B. Now, construct IS, and LM, 
rarallel to 7S, and LM, but passing through 
2. These lines represent the imputed shifts 
nthe JS and LM curves. Accordingly, the 
orizontal coordinate of point C represents 
‘xpected income under a money stock policy 
Ym), While the horizontal coordinate of the 
ntersection of IS, with i = i* represents ex- 
ected income under an interest rate policy 
y). In the current example, each differs 
rom y* by about an equal amount, imply- 
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i LMg|m=m*, imputed v<0 
LM | m=m* imputed v=0 






IS2 |imputed u>0 


IS4 | imputed u=0 
y 





FIGURE 2 


ing that the Federal Reserve will be ap- 
proximately indifferent between a money 
stock policy and an interest rate policy. 

The diagrammatic procedure just out- 
lined can be used to develop an intuitive 
motivation of the optimal combination 
policy as well as to analyze pure policies. 
Given that the Federal Reserve knows that 
maintaining either the money stock ‘or the 
interest rate will result in conditional bias, 
we can ask why should the Federal Reserve 
not move the money stock (or, equivalently, 
the interest rate) so as to eliminate the bias. 
In Figure 3, suppose that under an un- 
changed money stock an interest rate i = i 
would result, and suppose also that JS, and 
LM, are the imputed JS and LM functions, 
as before. Rather than maintaining the 


LMa|m=m*, imputed v<0 
LMg | m=m">m*, imputed v<0 






LM4|m=m*, imputed v=0 


IS2 | imputed u>0 
1S4 | imputed u=0 





FIGURE 3 
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money stock unchanged, which results in an 
interest rate that is too high and expected 
income that is too low, or maintaining the 
normal interest rate, and thus causing money 
and expected income to be too high, the 
Federal Reserve can adopt an intermediate 
position. If the Federal Reserve increases 
the money stock to m’ and lowers the in- 
terest rate to i’ by shifting the imputed LM 
curve to LM, (where m’ is such that LM, 
intersects JS, at y = y*), the conditional 
bias in monetary policy will be eliminated. 
It can be shown that this procedure is 
equivalent to a combination policy in which 
the interest rate and money stock are main- 
tained in the particular linear combination 
policy which minimizes the expected loss. 
Experimenting with the diagrams reveals 
several instructive special cases. If the error 
variances of the JS and LM equations are 
equal, a pure money stock policy is always 
preferred to a pure interest rate policy for 
any admissible values of the equations’ 
slopes. Moreover, equality of the equations’ 
error variances combined with algebraic 
equality of the equations’ slopes is sufficient 
for the optimum combination policy to 
coincide with a pure money stock policy. 
Finally, it is worthwhile noting that our 
diagrammatic construction cannot be used 
to evaluate the effect on the loss of changes 
in error variances; failure to realize this 
will result in invalid conclusions. For ex- 
ample, it might seem plausible that under a 
pure money stock policy which has some 
bias, the expected loss can be decreased by 
increasing the variance of one of the struc- 
tural errors so that the horizontal coordinate 
of the intersection of JS, and LM, would 
occur closer to y*. Obviously, the actual 
outcome of such a comparative statics ex- 
periment would be that the expected loss 
would rise. The reason the diagrammatic 


- argument is improper is that the combina- 


tion policy loss, which is not represented 
in the diagrams but which is a component 
of the total expected loss, is affected by a 
change in the error variances. Additionally, 
the presumption that a given / can be main- 
tained under a change in the error variances 
renders the diagrams meaningless since the 
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variance of 7 — i* is a function of these 
error variances. 


APPENDIX 


To justify the diagrammatic method pre. 
sented in the text for choosing between pure 
policies, we first derive expressions for the 
conditionally expected deviations of income 
from the optimum under either pure policy 
Then it is shown that these expressions car 
be viewed as forming the basis for the im. 
puted shifts in the JS and LM function: 
constructed in Figure 2. Finally, the proo 
of the validity of the diagrammatic pro: 
cedure consists in showing that an inequality 
between the expressions for the respective 
deviations is equivalent to inequality (1) o: 
the text. In the remainder of the Appendix 
a somewhat more abstract interpretation o: 
the diagrammatic construction is developed 

We begin by determining the expectatior 
of u and v conditional on i = 7 under ¢ 
money stock policy. First, write the reduced: 
form equations for y and i: 


aob, — aibo — abm + bau — a) 


Al = 

(Al) y ea, 
ao — bo- bm +u ~y 

AD 22 es 

(A2) i oa 


These expressions may be simplified if J 
and i are expressed as deviations from y’ 
and i*. To do this, set u = v = Qand y = y* 
calculate the implied value for m from (A1) 
and define i* as the value of i determined by 
entering this value for m in (A2). Then (AI 
and (A2) may be written as 


(A3) pepe so! 
b, - a, 

jet, HOY 

i by — a 


We may now determine the conditional ex 
pectations of the structural errors in the J: 
and LM functions. These may be shown tı 
egual’ 


4Here and elsewhere in the Appendix we make us 
of the fact that if 
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(A4) uw = Euli=it +4" =) = 
bı — a 
2 
oi = 
— a Xi — i* 
AF z ( 1) ) 
v = Evli=i*+ 4°" =) 
o? 2 
- ~~~ 2 - a)(i — i*) 
o+ o? 


The fact that the estimates of realized u and 
v are proportional to their respective 
variances justifies the construction of IS, 
and LM, in Figure 2 reported in the text in 
terms of conditional expectations, since AC 
and CB are just uf and —v*, respectively. 
By substituting (A4) in the reduced forms 
for y under an interest rate and money stock 
policy, we have 


(a 

Yi = y* + -~ (b, - a)(i — i*) 
a2 + o? 
botta? a 

Ya = y* + ee i it) 
o? + o? 


Thus, our diagrammatic procedure implies 
that an interest rate policy is preferred if 


2 


(AS) |= () - af- #*)| 
C, + 0; 
2 ee 
[aetan = it) | 
Oy + Oy 


and a money stock policy is preferred under 
the reverse inequality. It remains to show 
that this.criterion coincides with that based 
on the variance of the reduced-form errors. 
If both sides of (A5) are squared and com- 


x 
x=(~!) has mean B= ss 
x2 #2 


: : T o 
and covariance matrix $ = | |! 12 
S21 022 


then Ax has mean Ap and covariance matrix AZA’, 
and the distribution of x, conditional on x2 has mean 


F142 
Bi + — (2 - #2) 
%2 


and variance e}; — (07/039). 
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mon terms are cancelled, we have 
< Moi o + ay 
(b, — a i)? 


Now, if we add «2? to both sides, simplify 
the right-hand side and divide both sides by 
o2 + g}, we obtain 


2 
2 b302 + ajo; 


Ou < 
(b: - a,) 


agreeing with (1) as required. All these 
operations are reversible, so the equivalence 
is proved. 

The logic of this proof may be clarified if 
we examine the diagrammatic construction 
from a more general and abstract viewpoint. 
The laws of probability allow us to write the 
expected loss E (y — y*)* in the form 


_(A6) expected loss = E[ A (y - y*y) 


i uyli 


that is, we can calculate the loss by taking 
the expectation of (y — y*)* over u and v 
conditional on u and v being such as to 
generate a particular interest rate under a 
money stock policy, and then taking expec- 
tations over the distribution of the interest 
rate. Further, we can break up the expected 
loss conditional on the interest rate into two 
parts by use of an identity. Accordingly, we 
have 


(A7) EVE ast OX? 


i uli 


EIE GO) er al 


uyli 


expected loss = 


Here we have expressed the mean squared 
deviation of y from y* in (A6) as the sum of 
the conditional variance and the squared 
conditional bias, an identity familiar to 
econometricians. Now, because of the 
linearity of the model, the variance of in- 
come conditional on the interest rate is in- 
dependent of the interest rate (see fn. 4), 
and hence can be taken out of the braces. 
Since the variance equals 026?/(02 + 02), we 
have 


oo, 2 
expected loss = + E{[ E (y) a y*] } 
o? + o? i uyli 
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Also by linearity, the conditional bias will 

be proportional to i — i*, so we have finally 
2 2 

ete + EfG - i*¥ I} = 


o3 + o; 


expected loss = 


2a 

n + A? var(i) 

T, +O; 
The parameter A thus gives the conditional 
bias as a function of the interest rate. It is 
evident that the value of A will be different 
for an interest rate policy than under a 
money stock policy and also that an interest 
rate policy is preferred to a money stock 
policy if and only if the absolute value of A 
is lower in one than in the other. Now, it is 
seen that the diagrammatic procedure for 
choosing between pure policies consists of 
developing a geometric construction of À 
under either pure policy, as was just proved. 
Incidentally, the term o20?/(o2 + o?), the 
variance of income conditional on the 
interest rate, may be recognized as simply 
the expected loss under an optimal com- 
bination policy (see LeRoy; LeRoy and 
Waud, 1977; Poole, 1970). 
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Do Managers Use their Information Efficiently? 


By STEVEN SHAVELL* 


It is often true that a manager’s opinions 
about events relevant to production are 
valued but are not fully known by others. 
This note suggests that in such circum- 
stances there may be a problem with pro- 
duction. Consider a competitive equi- 
librium in a standard Arrow-Debreu model 
of an economy. In such an equilibrium pro- 
duction decisions are guided by prices and, 
in’ particular, by contingent commodity 
prices (which in fact may be implicit in 
stock market prices). Moreover, in such an 
equilibrium the managers of production 
processes play a strictly passive role since 
complete instructions for production are 
implicit in the criterion of profit maximiza- 
tion.' However, if the probabilistic beliefs 
of the managers are valued but are not fully 
known by the other agents in the economy, 
then it seems that these agents might well 
prefer to have the managers play an active 
role in making production decisions. In 
other words, it seems that profit maximiza- 
tion with respect to contingent commodity 
prices may encourage managers to act con- 
trary to what would be the best wish of 
others, and consequently that the absence 
of markets in certain contingent com- 
modities might not be undesirable.” 

Our discussion of this issue will make 
reference to a simple example. An economy 
with many identical individuals and few 
identical managers uses seed to produce 


*Harvard University. I wish to thank P. Diamond, 
G. Feiger, A. M. Polinsky, and L. Weiss for com- 
ments and the National Science Foundation (grant 
no. SOC-76-20862) for research support. 

'See Kenneth Arrow. i 

îThis point may be compared with those in Jack 
Hirshleifer’s important article, which emphasizes 
matters related to investment in and dissemination of 
information. Here there is no investment in informa- 
tion nor is there any transfer of information among 
agents in the economy; the stress is instead on 
logically distinct questions concerning the use of in- 
formation as it exists in the economy, information 
“in place.” 
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wheat which may be grown in two regions, 
A and B. Managers decide where to plant 
the seed. The wheat harvest is uncertain— 
it is either positive or zero—depending on 
which of the two possible states of nature, 
aand £, occurs. This is described in Table 
1, where s; is the amount of seed planted in 
region į and f is the usual type of produc- 
tion function ( f’ > 0, f” < 0). Let us sup- 
pose for simplicity that consumers alone 
determine prices in competitive equi- 
librium, that is, the few managers have 
only a negligible impact on the prices. 
Assume initially that consumers have 
fixed beliefs, independent of those which 
the managers might have. Specifically, as- 
sume that consumers believe the state œ will 
occur with probability a. Then, since a com- 
petitive equilibrium in which there are mar- 
kets for contingent wheat is Pareto efficient, 
it must in this case maximize expected util- 
ity of consumers. Consequently, if each 
consumer’s endowment consists of one unit 
of seed and his von Neumann-Morgenstern 
concave utility function U(-) depends only 
on consumption of wheat, the problem 
solved by the market is to maximize ex- 
pected utility: 
(1) 


max aU(f(s,)) + (1 - AUSA — 54)) 
s4el0, 1) 


As one would guess, the first-order condi- 
tion (which shall be assumed to hold) 


2) eg LUE =u) 
f'(8a)U'(F (Sa) 


implies that the higher the probability a 
of the state a, the more seed s, is planted in 
region A. The beliefs of profit-maximizing 
managers do not affect the amount of seed 
planted in the two regions;’ given the prices 


poses 
l-—a 


3As is well known, in the situation described man- 
agers would be instructed by consumer-stockholders 
to maximize profits (or, equivalently, stock market 
value). 
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TABLE i—WHEAT HARVEST 


State of Nature 
Region a 8 
A Sa) 0 
B 0 S (sp) 


of seed and of contingent wheat, managers’ 
beliefs influence only their purchases of 
contingent wheat (for their own consump- 
tion). 

Now assume that the consumers’ beliefs 
would be influenced by the managers’, if 
only they knew them. Assume furthermore 
that consumers learn nothing about man- 
agers’ beliefs.* Let a, > a, be the two prob- 
abilities of the state œ which consumers 
believe could possibly characterize the 
opinions of the managers. Let u be the con- 
sumers’ probability that the managers’ 
probability is a, and let a' and a? be the 
consumers’ probabilities of a conditional on 
the managers’ probabilities of a, and a, 
respectively, Then the consumers’ prob- 
ability a of a satisfies 


(3) a = pa' + (l — pja? 


which is to say that the consumers’ beliefs 
are a weighted average of what they would 
be, given the two possibilities for those of 
the managers. If managers are regarded as 
experts by consumers, then a’ would be 
close to a, and a? to a. If the consumers 
believed in a theory of “contrary opinion,” 
it might be that a' < a°. As long as a! # 
a? and p is not zero or one, the consumers 
would wish to know the managers’ beliefs. 
In general, it seems natural to say that one 
individual’s probabilistic beliefs are val- 
uable to another if the latter thinks that 
there is a positive probability that his prob- 
abilistic beliefs would change on revelation 
of those of the first. 

Assuming that the manager’s beliefs are 
valuable to consumers, it is clear that the 


4As will be clear, only the presence of valuable 
opinion—of less than full communication of beliefs 
—needs to be assumed. It therefore does not seem 
crucial that we have ignored how consumers might 
in fact learn something about managers’ beliefs. 
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consumers might be made better off if pro- 
duction were affected by the managers’ 
beliefs. To make consumers as well off as 
possible, a benevolent dictator would solve 
the following problem. 


(4) max, ufa'U(S(sa1)) 
+ (1 - a')U(fC — sa) 
+ (1 = Wla U(f (s12)) 
+ (1 — JUSU = $42))] 


where s4; is the amount of seed planted in 
region A if the manager’s probability of a 
is a, and s42 is defined similarly. This prob- 
lem is obviously different from (1), what the 
market solves. Suppose, for example, that 
a' > a > a*—the consumers would change 
their beliefs in the direction of the man- 
agers’. Then the benevolent dictator would 
order the manager to plant more in region 
A if his probability is a; than if it is a,.° 

This notional inefficiency might be 
viewed in a purely formal way as arising 
from a lack of markets—in wheat con- 
tingent on pairs, one element of which is the 
usual state of nature and the other, the 
probability distribution of the manager. 
Markets in wheat contingent on such pairs 
are hard to imagine, especially because of 
consumers’ difficulty in verifying the ‘‘oc- 
currence” of the managers’ probability 
distribution. 

In actual fact, the absence of markets in 
many contingent commodities—contin- 
gencies now being taken in the usual sense 
of states of nature—may mitigate the type 
of inefficiency of concern here. This is be- 
cause the absence of markets for com- 
modities in certain contingencies means 
that managers are not given (implicitly) 
complete instructions for operating the 
production process by the market. Instead 
they are forced to make decisions which are 
influenced by their own beliefs, and are 
therefore of potential benefit to consumers. 

Let us conclude by illustrating how the 


_5From (4), it is clear that the optimal s4; maximizes 
aU(f(sai)) + (1 — a@)U( fC — sai)). But from 
(2), we know that the solution to this is increasing 
ina. 
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absence of markets in contingent com- 
modities may improve matters. Suppose in 
our example that there is only a market in 
‘wheat, not a market in wheat contingent on 
he two possible states of nature. Suppose 
‘urther that the managers have the same 
itility function as consumers and. act so as 
o maximize their expected utility, where 
he expectation is with respect to their 
wobability distribution. Then the con- 
umers’ expected utility is given by 
5) pla U(f(sa1)) 

+ (1 - a@U(SC = 5a) 

+ (1 = plU (S (S12) - 

+ (L - JUSA - 542))] 


vhere the s4; are chosen by the managers 
o as to 


6) max a,U(f(s4:))’ 
s4jl0.1} 
+ (1 — aU — s4:)) 
6If managers are given an appropriate share of total 


vheat output, this is what they would wish to maxi- 
nize. 
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It is clear that consumers might be better 
off with expected utility determined by (5) 
and (6) rather than by (1). For example, if 
a' = a,and a’? = a,—the consumers would 
agree with the managers’ beliefs if they 
knew them—then consumers would enjoy 
exactly the expected utility achieved under 
the benevolent dictator’s first best solu- 
tion.’ 


7For under this assumption, expected utility de- 
termined by (4) and by (5) and (6) are identical. 
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Cartel Problems: Comment 


By Davip E. MILLS AND KENNETH G. ELZINGA* 


In a recent paper in this Review, Dale Os- 
borne poses four internal problems faced by 
cartels. The “locating” (of the contract sur- 
face) and “‘sharing” problems together per- 
tain to the determination of an optimal 
collusive policy; the “detecting? and “de- 
terring” problems pertain to firms’ incen- 
tives to unilaterally cheat on that policy. 
Claiming “Standard theory teaches us that 
cartels are inherently unstable, mainly be- 
cause of the sharing and deterring prob- 
lems” (p. 835), Osborne proceeds to argue 
that these are readily solved so that only the 
locating and detecting problems remain as 
obstacles to internal cartel stability. 

Quite apart from his treatment and pur- 
ported resolution. of the sharing and de- 
terring problems, which provide the focus 
for this comment, there is some question as 
to whether or not Osborne correctly inter- 
prets “standard theory.” It would appear 
he does not. In particular his argument that 
economic orthodoxy stresses the deterring 
problem is misplaced; in fact it is the de- 
tecting problem that is generally emphasized. 
For example in his treatise on monopoly, 
Donald Dewey (p. 19) indicates the impor- 
tance to a cartel’s success of reliable in- 
formation on the behavior of member firms. 
The information is necessary, Dewey claims, 
to detect cheaters. In a recent volume on 
antitrust law, Richard Posner writes, 
“Cheating is presumably least likely when 
detection is prompt and certain...” (p. 53, 
emphasis added). George Stigler certainly 
emphasizes the detecting problem over the 
problem of deterrence; indeed he does not 
view deterring per se as a problem: “Once 
detected, the deviations [i.e., cheating] will 
tend to disappear because they are no longer 
secret and will be matched by fellow con- 
spirators if they are not withdrawn” (p. 42). 


* Assistant professor of economics and professor of 
economics, respectively, University of Virginia. 
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Osborne’s exegesis of standard theory is 
incomplete. Detection is a serious and widely 
recognized problem that has been empha- 
sized more than deterrence.! 

Questions of economic literature aside, 
even if deterring is to be granted equal 
status with detecting as a cartel “problem,” 
its importance depends crucially on the ex- 
tent of the detecting problem. As we shall 
show, Osborne’s purported resolution of 
the deterring problem is either ineffectual or 
unnecessary depending on the status of the 
detecting problem. If the cartel has a de- 
tecting problem, then his resolution of the 
deterring problem breaks down. If detect- 
ing is not a problem for the cartel, then 
following Stigler, neither is deterring, since 
detection alone is sufficient to bring an end 
to cheating. Moreover if deterring persists 
as a problem, as Osborne seems to aver, 
even when there is no detecting problem, 
his resolution of it is not strictly superior to 
an infinite number of alternative resolu- 
tions. 

We also argue that Osborne’s resolution 
of the sharing problem, although correct in 
the case of a single joint profit-maximizing 
point, is unconvincing for the case of 
multiple joint profit-maximizing points. 
Finally, in spite of its failure as a final and 
complete resolution of the deterring prob- 
lem, Osborne’s “quota rule” has some in- 
teresting implications for still another (do- 
mestic) cartel problem: the avoidance of 
antitrust prosecution and conviction. 


lIn the profession’s best-selling principles text, pre- 
sumably an indicator of standard theory, the detection 
of secret price concessions is stressed, not their de- 
terrence (see Campbell McConnell, p. 581). The only 
source found that placed a stress on deterrence over 
detection was Gary Becker, pp. 100-01. F. M. Scherer, 
in his discussion of collusion, draws no clear distinc- 
tion between the detection and deterrence aspects of 
cheating, pp. 158-64. In his later examination of trade 
associations, however, he does cite the deterrence as- 
pect, p. 449. 
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CONTRACT 
CURVE 


xP x} 


FIGURE | 


I. Deterring 


To illustrate the objection to Osborne’s 
resclution of the deterring problem, con- 
sider the two-member cartel case? shown in 
Figure 1: (X9, X9) is the “cartel point,” 
maximizing the members’ joint profits over 
the contract curve (and minimizing the 
variance of members’ profits over the set of 
joint profit-maximizing points). Osborne 
shows that this point possesses the “ray 
property”: the ray passing through it is tan- 
gent to both members’ iso-profit curves 
I}, I} at the point. The collusive agreement 
that allegedly solves the problem of deterring 
is the following quota rule for member i: 

S; 


S, 


J 


Produce max {X}, X? + = AX} 


where AX, is the amount by which member 
j’s output deviates from his quota X), and 
where S; = X?/Z,X}. This agreement speci- 
fies two things for each member: his output 
level at the cartel point; and the retaliatory 
rule he is to follow in the event another 
member cheats by increasing output above 
an alloted level. 


2We implicitly adopt the technological assumptions 
stated by Osborne. 
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The appeal of this rule as a deterrent is 
because “member j will not cheat if he ex- 
pects the other members to obey their quota 
rules.” If member 1 cheats by increasing his 
output from X? to X!, he expects that mem- 
ber 2 will retaliate by increasing his output 
from X$ to X}. This penalizes rather than 
rewards the former for his recalcitrance. 
And member | is said to have every reason 
to expect member 2 to retaliate in this way 
because his profits at (X}, X}) are greater 
than at (X!, X2). Indeed, such an agreement 
would seem to deter each member from de- 
viating from the cartel point. But it may 
not. 

Suppose there is a detecting problen— 
that is, assume that immediate detection is 
not certain. Deviating from the cartel point 
in this case may be quite rational. Depend- 
ing on the probability distribution of time 
until detection occurs, the expected gains 
from increasing output above the level al- 
loted at the cartel point may be posi- 
tive. If such an incentive exists for a 
member to cheat on the cartel point how- 
ever, the same incentive exists for an- 
other to cheat on the quota rule retalia- 
tory mechanism. If instantaneous de- 
tection is not certain, member 2 might in- 
crease his output from X$ to X3 rather than 
merely from X$ to X}. The expected gains 
from this second kind of cheating may be 
no less substantial than those for the first. It 
is a strange thing that cartel members who 
are not trusted to maintain the cartel point 
aspect of an agreement are trusted to main- 
tain the quota rule aspect. There is, then, no 
reason to suppose that the quota rule suc- 
cessfully deters when there is a detecting 
problem. Osborne’s alleged resolution is 
ineffectual here. 

Now suppose there is no detecting prob- 
lem—that is, assume immediate detection is 
certain. In what sense is it now rational for 
members to deviate from the cartel point? 
As mentioned earlier, Stigler suggests that 
cartel members implicitly assume that puni- 
tive? retaliation will follow detection. If 


3Retaliation is punitive if it makes the cheater worse 
off after detection and retaliation than before cheating. 
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this is correct, then there is no deterring 
problem to be resolved. If, however, mem- 
bers don’t operate under such an assump- 
tion, any retaliatory agreement that is well 
understood and punitive will solve the de- 
terring problem. Osborne’s is only one 
among many. It has the virtue that it is 
easily articulated and executed, but it is not 
uniquely effectual. It is, as Osborne in- 
dicates, the “cheapest deterrent”: of all the 
retaliatory rules that are punitive, it dis- 
places the cartel less from the cartel point 
than others. But whether or not this is a 
virtue is questionable. If a retaliatory rule is 
successful—as many in this case should be— 
then it would never be exercised. So what 
does it matter that it is “cheaper” than 
others if it were exercised? It won’t be. The 
quota rule, then, is no more or less effectual 
in this case than many other rules. Osborne’s 
alleged resolution is unnecessary here. 


II. Sharing 


It is also alleged that the quota rule helps 
solve the sharing problem. In the case of a 
single joint profit-maximizing point, the 
sharing problem should be resolved, and 
for the reason Osborne offers. Any other 
point will not prevail because of the arbi- 
trage incentive any member would have to 
purchase control of the others, move to the 
cartel point, and retain the difference in 
profits. His “deeper reason why the quota 
rule solves the sharing problem” is that it 
solves the deterring problem and therefore 
makes the cartel point a safer solution to 
the problem of sharing. The points in the 
previous section depreciate the persuasive- 
ness of this reason, although the first reason 
is sufficient alone to solve the sharing prob- 
lem. 

In the case of multiple joint profit-maxi- 
mizing points, Osborne appeals to the no- 
tion of a focal point in claiming that car- 
telists will opt for that point which minimizes 
the variance of profits. This is less than per- 
suasive. Focal points of coordination are 
drawn from. particular institutional settings 
and circumstances and as such will vary as 
between industries. In his seminal discus- 
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sion, Thomas Schelling argues that a focal- 


point “...may depend on imagination more 
than logic; it may depend on analogy, 
precedent, accidental arrangement, sym- 
metry, aesthetic or geometric configuration, 
casuistic reasoning, and who the parties are 
and what they know about each other” 
(p. 57). A price-fixing cartel of independent 
gasoline marketers, for instance, might set 
their joint price at a constant differential 
from the current retail price of the major 
producers.’ No other industry would settle 
on such a focal point. In a market-sharing 
cartel of two firms, where each firm had all 
its production facilities on opposite sides of 
the Mason-Dixon line, that fact of geog- 
raphy might provide the focus for market 
division. In the case at hand, the member’s 
precartel market status might provide the 
focus for choosing from among several 
joint profit-maximizing points. The point is 
that different cartels are likely to have dif- 
ferent focal points and what makes them 
attractive is not generally the minimum 
variance property Osborne suggests. 


Ill. Antitrust Implications 


Finally, there are some antitrust implica- 
tions of the quota rule for cartelists operat- 
ing in the United States. The Sherman Anti- 
trust Act makes market-sharing agreements 
per se illegal. Given the costs imposed upon 
convicted colluders, in the form of fines, in- 
carceration, and treble damage suits, anti- 
trust can be viewed as another external 
problem to cartel stability. Rational car- 


4This is indeed one of the tactics used by a regional 
cartel of gasoline marketers recently convicted of price 
fixing. See “Five Oil Firms, Group Convicted In Price- 
Fix Plot,” Wall Street Journal. 

SIn a footnote added in proof, Osborne argues that 
the one ‘‘fatal problem” to a cartel is the external 
threat from new entry or new products. He states he 
could find no zecord of a “‘cartel which died of internal 
problems alone.” Without gainsaying the general 
validity of his conclusion, the plumbing fixtures cartel 
does provide a contrary example. While plagued by 
the external problem from time to time, it nevertheless 
met its demise because of problems other than new 
entry or new products. In this remarkable conspiracy, 


W. Kramer, executive secretary of the Plumbing Fix- , 


tures Manufacturers Association (PFMA), had the 
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telists will consider the effects of their ac- 
tions upon the probability of detection and 
conviction under the antitrust laws (see 
Elzinga and William Breit, pp. 116-20). 
In the situation where instantaneous detec- 
tion is not certain, the quota rule has char- 
acteristics not possessed by other retaliatory 
rules which both cut for and against the 
avoidance of antitrust prosecution. Its use- 
fulness in eschewing the law stems from its 
simplicity of operation. Because it can be 
followed independently by each member 
firm, the need for direct meetings or com- 
munication is minimized, thereby reducing 
the tangible evidence of collusion. Ad- 
herence to the rule leaves no trail of hotel 
meetings or telegrams. Its antitrust draw- 
back is that following the rule leaves mem- 
ber firms with their original market shares. 
If the antitrust authorities are watching 
market share stability as a sign of collusion, 


cartel sessions secretly taped. Then he embezzled 
funds from the PFMA, purchased a yacht, and left 
the sountry. When the PFMA demanded his return 
with the funds, he blackmailed the members with the 
tapes, The cartel ended. The conspiracy became public 
when the Internal Revenue Service, on Kramer’s trail 
for tax evasion, uncovered the incriminating tapes (see 
Allan T. Demaree), At that point, the other external 
threat to cartels, antitrust prosecution, became a 
reality, 
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as has been proposed (see, for example, 
Mark J. Green, p. 177), the quota rule pro- 
vides a tip-off as to the violation. 
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New 


Cartel Problems: Comment 


By WILLIAM L. HOLAHAN* 


Cartels are inherently unstable. At the 
joint profit-maximizing price and output 
every member has an individual incentive to 
expand output, secretly if possible, and 
cheat on the cartel even though it is better 
off with the cartel intact than if the cartel 
dissolved and the members competed. Dale 
Osborne has recently proposed a rule for 
cartel members which, if followed, will pose 
a credible threat of lost profits to potential 
cheating members and thereby reduce the 
inherent instability of the cartel. The rule 
is simple: once cheating in the form of in- 
creased output is detected, each member 
should increase output in the same propor- 
tion as the cheater so as to maintain the 
same share of the output as under joint 
profit maximization. This market share 
maintenance rule forces the cheater to share 
in the decline of profits and hence induces it 
to help the loyal members revitalize the 
cartel or, perhaps, not cheat in the first 
place. Following this rule the cartel should 
be far more stable than traditional theory 
would predict, consistent with the recent 
history of the Organization of Petroleum 
Exporting Countries (OPEC) which has re- 
mained remarkably stable despite prices in- 
credibly far above some members’ costs. 

The purpose of this comment is to point 
out some improvements in Osborne’s analy- 
sis. In Section I it is shown that his proof 
that the market share maintenance line has 
a common tangency with all of the cartel 
members’ iso-profit surfaces at the point of 
joint profit maximization is too restrictive. 
A more general proof is provided. In Sec- 
tion II it is pointed out that his proof that 
the market share maintenance rule provides 
the noncheater a profit-increasing retalia- 

*Assistant professor of economics, University of 
Wisconsin-Milwaukee. I wish to thank John P. Brown 
of the Cornell economics department and Robert Hall 
of the University of Wisconsin-Milwaukee mathe- 


matics department for their helpful comments on an 
earlier draft. 
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tion against the cheater is not valid, but that 
the rule retains many advantages which 
Osborne does not mention. Section III 
points out some advantages of central pur- 
chasing agencies which Osborne has over- 
looked in his section on purchasing strate- 
gies. 


I 


Osborne assumes (Assumption 2, p. 837) 
that the cross-income effects are either equal 
or negligible in order to complete his proof 
that the market share maintenance line has 
a common tangency with all of the iso- 
profit surfaces at the joint profit-maximizing 
point. A more general proof without this re- 
strictive assumption is as follows. 

Let there be n cartel members. The ith 
member produces x, (i 1,..., n). The 
profit function of the ith member is: 


(1) I; = x,;P(2x,;) — G) 
The objective of the cartel is: 
(2) max DB [x,P(2x,) — C,(x;)] 


x1 


The n first-order conditions for this maxi- 
mization are 


(3) P+ P'-(2x,) -Ci=0 
re A 


At the joint profit-maximizing point X 
(X,,..-, Xp), described by (3), each iso- 
profit surface is tangent to a hyperplane. 
Osborne labels these hyperplanes H,,.. 


H,„. Hyperplane H, can be described by 
(4) 


$ 


s aj -— X) =0 
i=l 


where the œ; are constants. Arbitrarily se- 
lecting x, for normalization yields 


(5) Xp- LD BX, = Vig 


isk 
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where Y is the intercept of H, along the x, 
axis and @4, > 0, ix k, are the slopes of 
H, in the x,, x, plane. Using the implicit 
function theorem on the jth iso-profit sur- 
face II, = II,(X), we can write 


dx aTl,/dx; 
teeta 
dx; d11,/dx, 
- 1 ixjiek 
= P+P-C ; 
ie Sale /izej,iezk 
x,P' 


Substituting the n — 1 expressions given by 
(6) into (5) and simplifying yields: 


(P + P'(2x;) — C) 


0) = 


= Way 


But the parenthetical expression in the nu- 
merator of (7) is just one of the first-order 
conditions given by (3). Hence Yą = 0 for 
all k, H, intersects each axis at the origin. 
This is true for all j. Hence each hyperplane 
has the origin and ¥ in common. Since all 


the hyperplanes have two points in common, 
their intersection is a line. Since the hyper- 
planes have the origin in common, the line 
has the ray property—the line is a market 
share maintenance line. Osborne’s restric- 
tion on the cross-income effects is not re- 
quired for this result. 


II. The Market Share Maintenance Rule 


Consider Figure ! which illustrates in 
two dimensions the cartel stability problem 
and the market share maintenance rule. 
The axes depict the output of the cheating 
coalition on the abscissa and the remainder 
of the cartel, the loyal coalition, on the 
ordinate. The curved lines are iso-profit 
lines (subscripted with / for loyal and c for 
cheater) drawn concave to the respective 
axes. Joint profits are maximized at point a 
where iso-profit lines +7 and w¢ are tangent 
to line Z, which has been shown in Section 
I to be a ray from the origin. Point a is 
unique since there is only one allocation 
which simultaneously equates marginal 
revenue to marginal costs for all members. 
Since Ł is a ray from the origin it is a locus 
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of points in output space such that market 
shares are constant. The market share 
maintenance rule in graphical terms is: if 
cheaters expand output along line C, re- 
taliate to a point along line L. For example 
if the cheater moves to b, retaliate by a 
move to d vertically above b on L. Due to 
concavity of 2%, rf < z2; the cheater is 
worse off after the retaliation. Osborne re- 
fers to this retaliation as a “credible” threat 
because, again by concavity, rf > 2?; the 
loyal coalition is better off if it retaliates to 
d than if it remains at b. Such retaliation 
will deter a move to b. This is the essence of 
Osborne’s proof of the credibility of the 
market share maintenance rule. 

The difficulty is that the proof that the 
loyalists can enjoy profit-increasing re- 
taliations by employing the market share 
maintenance rule does not necessarily hold 
throughout the plane, and hence retaliation 
along L is not credible according to Os- 
borne’s usage of that term. Figure 1 is 
drawn to point out an important counter- 
example in which the cheaters could move 
to the profit-maximizing point g instead of 
b. In fact line R, is the locus of iso- 
profit curve maxima and hence is the locus 
of the cheaters’ profit-maximizing (Cour- 
not) reactions to any output set by the loyal 
members. Similarly, R, is the profit-maxi- 
mizing reaction function of the loyal coali- 
tion. The profit-maximizing reaction of the 
loyal coalition to a move to g is not to fol- 
low the market share maintenance rule to h, 
but instead to act as a Cournot reactor and 
move to i. The cheaters would then move 
to j; iterations of this kind lead to the 
Cournot solution at ce. At c: we > Th, 
aw; < nf; the cheating has paid off in in- 
creased profits to the cheaters, less profits 
for the loyal coalition and less in total. An 
even more profitable form of cheating is to 
move along line C to a point to the right 
of m (which is vertically above point c) 
such as k. Then the iterative reactions lead 
to s, the Stackelberg solution. Here again 
the market share maintenance rule is not 
credible by Osborne’s definition because 
such retaliations make the retaliators even 
worse off than standing pat; the profit- 
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maximizing reaction is in the other direc- 
tion. 

This result was obtained because the 
reaction functions crossed inside the iso- 
profit line rf. This could not happen if the 
two families of iso-profit lines were sym- 
metric; in that case the market share main- 
tenance rule would be the 45° line and by 
symmetry the reaction functions would 
cross on 45° line. The market share main- 
taining retaliations would be profit increas- 
ing for the loyalists in the symmetric case. 
The cheater would be worse off and induced 
to revitalize the cartel at the joint profit- 
maximizing point. 

Figure | is drawn purposely to repre- 
sent a nonsymmetric case in which the 
cheating coalition’s iso-profit curves have 
less curvature than the loyal coalition and 
the reaction functions cross inside the 
cheater’s r$ iso-profit curve. This can arise 
due to either lower costs or a higher per- 
ceived elasticity of demand due to a longer 
time horizon. The iso-profit lines for the 
coalition with the longer time horizon will 
have less curvature than the lines for the 
coalition with smaller reserves and shorter 
time horizon—for any given output by the 
loyal members, the cheater’s profit-maxi- 
mizing output is larger as the time horizon 
is longer. Equivalently, the longer the time 
horizon the greater the incentive to induce 
a Cournot or Stackelberg leadership posi- 
tion. 

It is essential to realize that the cheater 
cannot know in advance that conditions are 
favorable. It can suspect that mi > mf, as 
drawn in Figure 1. But it may fear that in- 
stead the reaction curves cross above the 
we iso-profit curve and that rf < r? and 
me < 7%; the Cournot iterations or the 
Stackelberg equilibrium lead to less profits. 
The cheater can at most know his own iso- 
profit functions. Since the cheater does not 
know the loyalists’ iso-profit functions it 
cannot locate points ¢ and s a priori. The 
cheater can only find these points by cheat- 
ing and observing the loyalists’ response. If 
the loyal coalition employs the market 
share maintenance rule the cheater will 
have a smaller net revenue flow than at a 
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and may be induced to return to a. If the 
loyalists fall into line at point c or s, the 
cheater has a more permanent gain. The 
cheater can increase the probability of a 
profitable result by announcing its action. 
It wants to become a Stackelberg leader or 
at least induce a Cournot equilibrium. It 
can only do so if the loyal coalition remains 
organized enough to follow its lead. If it 
didn’t announce, the loyal coalition would 
not know the source of the extra output. 
Distrust would grow among the loyal coali- 
tion and it would weaken. By the cheater’s 
announcement, the source of the extra out- 
put is identified and this reinforces com- 
monality of interests among this subcartel. 
This reduces the probability of a collapse 
to competitive equilibrium after the cheater 
cheats. 

At the Cournot or Stackelberg equi- 
librium there is the possibility of mutual 


gain from payments from the loyal mem- | 


bers in exchange for a reformation of joint 
profit maximization. For example if the 
equilibrium is at s, a payment B from the 
loyal members to the cheater, such that 
B > x: — mo, would induce the cheater to 
return to point a. This payment can be 
made by the loyalists if the payment is less 
than the gain: mi — me < rf — xj. But 
this is equivalent to r$ + ri > mi + a7 
which is always true since joint profits are 
maximized at a. These side payments can 
help stabilize the cartel since they would 
cease when cheating started. 

It is in the interest of the loyalists to 
adopt strategies which avoid the Cournot 
or Stackelberg equilibrium points. But here 
we have seen that profit-increasing retalia- 
tions can lead toward such equilibria. The 
loyalists may adopt strategies which de- 
crease their own short-run profits as well as 
the cheater’s in order to induce the cheater 
to return to the joint profit-maximizing 
point. This strategy may increase the pres- 
ent value of the loyalists’ assets in spite of 
short-run losses. Such strategies are credible 
responses in a broader usage of that term. 

With such strategies the loyalists and the 
cheater play a waiting game under uncer- 
tainty. Neither the cheater nor the loyalists 
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knows the other’s iso-profit curves or re- 
action function. The cheater attempts to 
ferret out the loyalist’s reaction function by 
cheating. If the relative positions of the 
reaction functions are favorable to the 
cheater, as shown in Figure 1, the loy- 
alists must act to hide this information by 
not selecting the profit-maximizing reaction. 
If they are to convince the cheater to rejoin 
the cartel they must adopt a short-run strat- 
egy which will definitely hurt the cheater 
and which will make the cheater think that 
perhaps the loyalists’ retaliation is profit 
increasing. The market share maintenance 
rule has some advantages for the loyalists 
in this game: 1) it is a simple way to co- 
ordinate the retaliation; 2) it hides iso-profit 
information from the cheater; 3) it gives the 
loyalists the appearance of orderly retalia- 
tion since the strategy was announced prior 
to the cheating; 4) it assures the loyalists 
that the cheater is definitely worse off; 5) of 
all the retaliations which give this assur- 
ance, it gives the loyalists the largest net 
revenue flow. 

To see these results consider a move to k 
by the cheater. Retaliation to / reduces the 
loyalists’ profits. The loyalists know that 
the cheater is worse off than at k but does 
not know if the cheater is worse off than at 
a. The cheater does not know if / lies on 
the loyalists’ reaction function or if the 
loyalists are bluffing. A retaliation to n in- 
stead of / leaves the cheater equally in the 
dark but does assure the loyalists that the 
cheater is playing the waiting game with 
less net revenue than at a. Any other re- 
taliation with this assurance would lie 
vertically above n and entail a smaller net 
revenue flow for the loyalists during the 
waiting game. Hence, the market share 
maintenance rule has cartel stabilizing 
features even though Osborne’s proof is 
not valid. 


III. Osborne on Purchasing Strategies 


What strategies are left to consumers 
facing a cartel stabilized by the market 
share maintenance rule or one which has 
collapsed into a Cournot or Stackelberg 


Cartel Problems: Reply 


By D. K. OsBoRNE* 


1. To David Mills and Kenneth Elzinga 


I enjoyed the story of the plumbing fix- 
tures cartel being drained of its assets. But 
if I need a ‘‘plumber’s friend,” David Mills 
and Kenneth Elzinga have failed me. With 
the possible exception of their second para- 
graph,! nothing in their comment convinces 
me to eliminate the offending material. I 
will try to explain why in paragraphs 1) 
and 2) below. Then I will comment briefly 
on the antitrust implications in paragraph 
3). 

1) Mills and Elzinga maintain that 
my resolution of the deterrence problem is 
either ineffectual or unnecessary. It is inef- 
fectual in the absence of detection and 
unnecessary in its presence. They are right 
about the first. No deterrence is possible 
without detection. But who would think 
otherwise, or that I had claimed other- 
wise? As for the second, they appear to 
believe that deterrence follows immediately 
from detection. This belief is obviously 
mistaken—as our crowded jails prove. 
More direct proof is furnished by the ex- 
perience of the International Air Transport 
Association ([MTA). For detection, this 
cartel depends on our Civil Aeronautics 
Board and Department of Justice and its 
cwn compliance department (consisting of 
some fifty investigators) to inspect tickets, 
receipts, and accounting records at offices 
of the members and their approved travel 
agents (see IATA Review). For deterrence, 
it relies on the fines determined by due 
process before its Breaches Commission or 
the federal courts. In 1974, the Breaches 


*Federal Reserve Bank of Dallas. 

'There they object to my mild chastisement of 
standard theory for its fascination with the prisoners’ 
dilemma. But since they advance the objection in an 
incidental manner I will disregard it, pointing out, 
however, that standard theory consists of the un- 
written as well as the written word. For a more de- 
tailed criticism of the prisoners’ dilemma as a model 
of oligopoly, see my (1976) paper. 
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Commission levied fines of $1.9 million (see, 
Aviation Week); in fiscal 1975, the Civil 
Aeronautics Board obtained judgments 
totaling $556,594 (see its Reports to Con- 
gress); in September of 1975 the Justice 
Department obtained fines totaling 
$655,000 (see Aviation Week). These fines 
measure JATA’s success at detection and 
its failure at deterrence. In the same way 
that lax enforcement of the criminal laws 
leads to jails full of prisoners, inadequate 
punishment of cartel breaches increases 
their expected payoff and stimulates both 
the breaches and the fines in which they re- 
sult. The [ATA’s penalties have been too 
small or too uncertain to be regarded as 
anything more than a normal cost of doing 
business. Deterrence does not follow from 
detection.” 

2) Mills and Elzinga object to the 
minimum-variance criterion for choosing 
among several joint maximizing points. I 
will be glad to consider an alternative if 
Mills and Elzinga will offer one. Instead of 
suggesting a definite alternative or, even 
better, the principles which govern its 
choice, they declare in effect that it could be 
anything.’ If focal points really do depend 
on analogy, accident, casuistry, and the 
other things in the list quoted from Thomas 
Schelling, they are analytically useless: 
being consistent with everything they ex- 
plain nothing. 

3) Mills’ and Elzinga’s remarks about 
antitrust implications disquiet me. They 
themselves do not recommend that we go 
about prosecuting oligopolists for having 
stable market shares, but their remarks 
alert me to the danger that my analysis will 


2For more on these problems, see my (1977a,b) 
papers. 

3Concerning the two examples they give (the gaso- 
line marketers and the firms separated by the Mason- 
Dixon line), it is impossible to say whether the as- 
sumed arrangements indicate the unique joint 
maximum or a choice from among many. 
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be misused by those who lack a sense of the 
absurd. I therefore urge the following con- 
siderations on those who see collusion 
everywhere in the American economy. 

The quota rule deterrent (as Mills and 
Elzinga undoubtedly realize) is objection- 
able on empirical grounds. There appears 
to be no evidence of a cartel relying on 
retaliation in kind, through the preserva- 
tion of market share, to deter breaches. 
(The “fighting ships” of the various ship- 
ping cartels, and the “fighting trade” gen- 
erally, are species of retaliation in kind, but 
not through the maintenance of market 
share.) The most popular deterrent has been 
the fine. When used, it must have appeared 
to be the best available. Though the quota 
rule deterrent is optimal in the right con- 
ditions, those conditions must be rare. We 
need, therefore, to know more about the 
relation between conditions and optimal 
deterrents. How good must information be 
in order for the quota rule deterrent to be 
optimal? Under what conditions is the fine 
optimal? Judging by the variety of cartels 
that have used it, the fine must be optimal 
under a broad range of conditions. Are 
these likely to include the conditions faced 
by U.S. oligopolies subject to the antitrust 
laws? If so, any stability we find in their 
market shares probably does not indicate 
adherence to the quota rule. We need to 
answer these questions before using my 
analysis to identify collusion. 


v 


H. To William Holahan 


William Holahan raises three objections, 
the second of which, though of uncertain 
practical significance, is theoretically valid 
and interesting. The first and third are sim- 
ply mistaken. 

1) The first objection is that my As- 
sumption 2 is unnecessarily strong. (As- 
sumption 2: df(x)/dx; = df;(x)/dx; for 
i,j = 1,...,m, where f; is member i’s in- 
verse demand function, x; is his output, 
and x = (x,,...,%,).) This assumption 
may well be stronger than it needs to be. 
But far from dispensing with it, Holahan 
strengthens it. His equation (1) implies 
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Si) =... = hx), i.e., perfect substitu- 
tion, from which Assumption 2 follows im- 
mediately. (The converse is false.) As per- 
fect substitution is essential to Holahan’s 
equations (3) and (7), his apparently more 
general proof is actually less general than 
mine. 

But I like the form of Holahan’s ap- 
proach to the ray property and want to 
clarify it for those who might prefer it to 
mine. If we replace his single inverse de- 
mand function P(x, + ... + x,) by the n 
functions f;(x} and correct his equations 
(2) and (3) as required, we can follow him 
through equation (5) and apply the implicit 
function theorem to get, in place of his 
equation (6), the correct equation (6’): 


oll, 
Ox; OF,(x)/dx; . 
6' De cee aaa Seg Ne 
( ) Bry all; OF,(x) ax = k 
ax, 


Substituting for 84, in Holahan’s equation 
(5) and simplifying, we get 


Pe xð F; (x) /0x; 
OF, (X)ax, 


which vanishes for all j if and only if x has 
the ray property. Hence Holahan’s ap- 
proach is an alternative to the one de- 
scribed on page 838 of my article and it 
might be more transparent to some 
readers. 

2) The second objection—a valid one 
—is that market share retaliation does not 
always pay: if a member exceeds his quota 
by a sufficiently large amount, the remain- 
ing members will lose more by retaliating 
in full than by standing pat. While I ad- 
mitted this on page 839, I went on to claim 
that partial retaliation would always be 
better than none. In terms of Holahan’s 
diagram, my claim asserted the existence of 
a point g’ vertically above g such that 
loyalist profit is greater at g’ than at g. This 
cannot be true in the situation diagrammed, 
where the profit functions differ so greatly. 
In this situation, retaliation is not so credi- 
ble a threat. It punishes the breacher al- 


7) vg = idm Lyeeegn 
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_Tight, but at an immediate cost to the 
retaliator. Market share retaliation does not 
necessarily deter large breaches. 

While this might in principle explain why 
no known cartel has used the quota rule, in 
practice there must be more to it. Surely the 
profit functions are sufficiently ‘similar in 
some cases; and even when not, the feasible 
breaches must in some cases be sufficiently 
small. If a member wishes to increase his 
output from a to g but must do it in small 
steps that pass through b and e, then, de- 
pending on his discounting of the future, 
the threat of retaliation to the initial 
breaches can deter him even in the situation 
diagrammed. Since so much depends on 
how quickly output can increase, sales con- 
tract periods and capacity constraints play 
an important role. Cartels differ so in these 
respects that.their neglect of the quota rule 
must, in some cases at least, have other 
explanations (the most likely one being 
slow and uncertain detection). Clearly, we 
have a lot to learn about the quota rule, 
and Holahan’s criticism raises questions 
that merit further study. 

3) The third objection is that, contrary 
to my argument, a central purchasing 
agency would not solve the cartel’s detec- 
tion problem because it could require sealed 
bids and keep prices and sales secret. Here 
there is a tacit appeal to the “sainthood” 


OSBORNE: CARTEL PROBLEMS 949 


model of public employment: The agency’s 
employees would possess information of 
great value to the cartel but would with- 
stand every attempt at bribery because of 
their moral scruples, which are those of a 
saint. I believe there is some evidence 
against this model—though I do not of 
course speak from personal experience. 
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International Trade, Factor-Market Distortions, 
and the Optimal Dynamic Subsidy: Comment 


By JAMES CASSING AND JACK OCHS* 


When terms of trade change, productivity 
gains may be secured with a proper reallo- 
cation of labor. But such gains cannot be 
achieved costlessly. During the adjustment 
process it is likely that some labor will be 
unemployed. This raises the important 
problem of finding the adjustment path that 
optimally balances the gains from trans- 
ferring labor against the cost of such trans- 
fers.' In a recent article in this Review, Har- 
vey Lapan-analyzes this problem within the 
context of a set of labor markets with the 
following characteristics: (a) “Institutional 
factors” maintain an equality of real wage 
rates in both the expanding and contracting 
sectors throughout the adjustment period. 
(b) The desired labor force in the contract- 
ing sector is determined by a profit-maxi- 
mization condition, and is therefore con- 
trollable by a wage subsidy. (c) Each sector 
is served by a large labor market. The rate 
of migration of labor from the market 
serving the contracting sector to the market 
serving the expanding sector is a function 
(u) of the unemployment rate in the mar- 
ket serving the contracting sector, with the 
properties: ¢(0) = 0, ¢’ > 0, $” < 0, and 
¢' (0) is finite. Since the wage subsidy con- 
trols the quantity of labor demanded, it also 
controls the rate of transfer of labor from 
the contracting to the expanding industry. 
Given these assumptions, Lapan shows that 
in general the optimal rate at which labor 
should be forced out of the contracting in- 


*Assistant professor and associate professor of 
economics, respectively, University of Pittsburgh. 
This paper stems from research sponsored by the 
U.S. Department of Labor, Bureau of International 
Labor Affairs—RFP-TIE-OFER-4, Research on the 
Impact of Foreign Trade and Investment Policies on 
U.S. Labor Markets. The paper has benefited from the 
helpful comments of Harvey Lapan and Marina v. N. 
Whitman. 

‘In principle, of course, one might consider the 
optimal adjustment paths of various interacting pro- 
ductive factors including labor. 
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dustry is not zero; nor is it optimal to fully 
reallocate labor so as to equalize value mar- 
ginal products. Therefore, an optimal 
policy generally requires wage subsidies in 
his model. 

In Lapan’s formulation, voluntary quits 
play no role in the description of the un- 
controlled adjustment process. This may 
leave the reader with the impression that the 
divergence between the uncontrolled path 
and the optimally controlled path is created 
solely by the existence of involuntary un- 
employment. However, this is not the case. 
In Lapan’s model the labor market is as- 
sumed to be subject to congestion since the 
conditions on ¢ imply that an individual’s 
expected time of passage from one sector to 
the other is an increasing function of the 
quit rate. One purpose of our: paper is to 
show that such congestion is a sufficient 
condition for the existence of a divergence 
between the private and social costs of 
separation during the adjustment process. 
Therefore, the argument for a wage subsidy 
does not rest upon the assumption that 
separations are involuntary. 

Lapan assumes that the labor market is 
subject to congestion such that the prob- 
ability of an individual passing through the 
market (securing a job) in a given period of 
time, ¢'(u)dt, is negatively related to the 
number of people in the labor market. 
However, he gives no explanation why one 
should expect labor markets to be con- 
gested. In- the model presented below we 
characterize a labor market in which con- 
gestion will occur in the search for jobs. 


I. The Nonoptimality of an 
Atomistic Adjustment Path 


_ Following Lapan, suppose that there are 
L workers in the economy and two in- 
dustries, 1 and 2. Each industry is made up 
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of a large number of identical firms. Each 
firm in industry 1 produces according to a 
production function 


(1) X, = XL) 
where X; > 0 Xj < 0, i= 1,2 


Suppose further that domestic producers 
trade at world prices over which they exer- 
cise no influence. Starting from an initial 
equilibrium distribution of workers relative 
to an international price vector P® = 
(Pf, P3), let the domestic economy adjust 
to a new world price vector P! where, say, 
P} > P$ and P! < P?. The reduction in the 
price of industry 1’s output relative to that 
of industry 2 must induce a flow of workers 
from 1 to 2. Those who leave industry 1 
must pass through the labor market. In any 
unit interval of time t, all those who are in 
the labor market are unemployed. A frac- 
tion F of those who are in the market, 
R(t), do not leave the labor market with a 
job in industry 2 at the end of the interval. 
This fraction F depends upon R(t). There- 
fore, F(R)- R(t) is the number of persons 
without employment at the end of interval 
t who will also be unemployed in period 
t+. 

The function F(R) represents impedance 
in our model. Accordingly, we wish to as- 
sume that F’ > 0. The fraction of searchers 
failing to secure positions in any period in- 
creases with the number of searchers, that 
is, congestion exists.” 

In order to justify this assumption we 
provide the following characterization of 
the labor market. Suppose there are S firms 
in industry 2. At the beginning of any time 
interval t, each firm determines a target 
labor force that will maximize its profits. 


2F’ > 0 is equivalent to Lapan’s assumption that 
ġ” <0. James Tobin has suggested that no normative 
signiticance should be attached to the “natural” (i.e., 
steady-state) rate of unemployment because labor 
markets are characterized by congestion. However, 
Dale Mortenson has shown within the context of a 
simple congestion mode] that the unsubsidized steady- 
state rate of unemployment does have optimality 
properties. Nevertheless, since Mortenson’s analysis 
focuses only upon comparative steady states, his result 
is not inconsistent with atomistic behavior producing 
a nonoptimal adjustment path. 
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Given its current labor force, the calcula- 
tion determines each firm’s current number 
of vacancies V,(t), s = 1,..., S. The total 
number of vacancies for interval t is, there- 
fore, 35_,V,(t) = V. We assume that the 
total number of people looking for work, 
R(t), is such that R(t) < V(t). That is, it is 
logically possible for everyone in the labor 
market to find work. Nevertheless, we sup- 
pose that no one knows how many indi- 
viduals will show up at a given firm’s em- 
ployment queue at the start of each time 
interval. Each individual thereby finds him- 
self in a game situation. Now, if each in- 
dividual adopts a strategy that maximizes 
the likelihood of his getting a job given that 
everyone else chooses the same strategy, 
then each will choose the queue to which he 
goes by a random process, Conceptually, 
each individual will draw from an urn in 
which the proportionate distribution of 
balls representing each queue is chosen to 
maximize the probability that everyone will 
get a job. 

The actual distribution of applicants over 
queues is therefore the result of the product 
of R independent “experiments.” The prob- 
ability of a set of experiments producing a 
particular distribution of applicants over 
queues, F = (7,,7,,..., Fg), is then given by: 


(2) P(r) = fien 





RTZ, T 
where a, is the appropriate ts 
weight given the ith queue, i = 1,. 

Since all searchers are identical, the ex- 
pected unemployment rate for any subset, 
H C R, is equal to the expected unemploy- 
ment rate for the entire population R. The 
expected unemployment rate of a small sub- 
set, H, depends upon both the distribution 
of vacancies and the distribution of the re- 
maining Y = R — H workers. Consider an 
arbitrary distribution } = (Ji, J2as..., Js), 
of Y workers over the S queues. Suppose R 
and every component of the arbitrary vec- 


3This is just the multinominal p.d.f. of S — 1 random 
variables rj, ..., 75-1- 
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tor » were to increase by a proportionality 
factor, A > 1. Assuming the Vs remain 
constant, the result of this increase in R is 
to reduce the number of vacancies avail- 
able to members of H at each employment 
queue, Some queues which previously had a 
surplus (V; — J, > 0) will now have no 
vacancies left for members of H. On this ac- 
count alone, members of H, who search 
these queues with the same expected fre- 
quency as do all members of R, will now 
experience an increase in their expected un- 
employment rate. Since the choice of > was 
arbitrary, the (unconditional) expected un- 
employment rate for the subset H increases 
as R increases. Because the expected un- 
employment rates of H and of R are equal, 
the above argument implies F’(R) > 0. 

If individual firms have only a fixed num- 
ber of vacancies as our model implies, then 
congestion is a real phenomenon in labor 
markets; the market will not clear instan- 
taneously, nor is it optimal to push all labor 
which will eventually be transferred into the 
market at the same time. Furthermore, the 
adjustment path produced by a set of in- 
dividual expected income-maximizing de- 
cisions does not corresond to the optimal 
control path because no individual takes 
into account the impact of his quit decision 
on the unemployment experience of others.* 

To establish the divergence between pri- 
vate and social costs, consider first the fol- 
lowing multistage programming problem, 
designed to maximize national income after 
the exogenous terms of trade change over 
the planning horizon of length N: 


G) max VIM (OL) + WAL) 


where 
(4) Wit) = PiX(L,(t) 
(5) W(t) = P}X,(L,(t)) 


© Litt) = LO - 
©, (RO) — FRG = 1)-RG = 1) 


4This is strictly true, as Lapan has noted in a private 
communication, only if the planning horizon is suf- 
ficiently long. 
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(7) L(t) = L,(0) + 


È (1 — FR) RO) 
© Li) +L) RW = E 


and the initial conditions are given by 


(9) W,(0) = F, 
(10) W,(0) = m, > W, 
(11): R(0) = 0 


and a terminal state? 
(12) R(N + 1) =€ 


The state variables in the problem are 
wage rates—W,(t), W,(t)—and employed 
labor—Z,(t), Z,(t). The control variables 
are the individuals in the labor market in 
interval t, R(t). The various conditions 
simply require that wages reflect value mar- 
ginal products and that everyone is some- 
where in each interval. Those individuals in 
the labor market in interval t are there 
either because they were in the market dur- 
ing interval t — i and did not get work or 
because they quit at time t. The objective is 
to choose a path {R(t)} that maximizes na- 
tional income over the planning horizon. 

Using Bellman’s Optimality Principle, the 
recursive equation for the optimal per- 
formance function for a problem of length 
N is developed using® 


5The terminal state condition simply captures the 
aspect that if only a fraction of searchers secure em- 
ployment in any time interval, then any finite time 
horizon multistage dynamic programming solution 
necessarily yields some terminal state unemployment. 
The time horizon, however, is arbitrary. 

6That this expression is indeed correct is easily seen. 
The terms L (N - 7 ~ 1) + (l — F(RWN — 7 -~ 1))) 
R(N — 7 — 1) represents everyone employed in in- 
dustry 2 in interval N ~ r — 1 plus the addition to that 
industry’s employment at the beginning of interval 
N — 7. The term L,(N — r — 1) corresponds to em- 
ployment in industry | in period N — r — 1. From this, 
we subtract the net additions to searchers—that is, 
total searchers in period N — 7 less searchers in period 
N - +r — 1 who failed to find employment. These 
terms—L,(N — 7 — 1) + F(R(N -r -— ID) RIV - 
T — 1) — R(N — r)—are weighted by the wage in 
industry 1 at the beginning of interval N — 7. 
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(13) Jh_-(Rw_-) = max {W,(N — 7) 
N-r 


LAN- 7) + WN — 7) L,(N — 7) 
+ T-ri Ru- )) = oie {W,(N — 7) 


-(1 — F(R(N -— 7 — I)R(N - 7 - !)) 
+ WAN — DLAN - 7 - 1) 
+ W,(N — DLN -— 7 - 1) 
+ F(R(N — 7 — I)RWW-— 7 - DY 
~ WN — 1)-R(N — 1) + Jf- 
wheres = 0,...,N — 1. 

Given that an optimal path is to be fol- 
lowed from time N — r + 1 on, J%_,defines 
the optimal decision rule for the interval 
N =r. 

Now define: 

(14) Eğ- = JA- WaN - 7 + 1) 

(1 — F(R(N — 7)))R(W - 7) 
The necessary conditions for optimal per- 
formance during the interval N — + imply 
that the optimal R*(N — 7) depends on 


both F(R) and F'(R). Specifically, along 
the optimal path in interval N — 7, 


dd x_ 


pcs fon aW = 
09 Bye = WN- 
+ W,(N — r + 1)[1 — F(R*) 
1 ðE +41 
— F'(R*)R*) + 5H = 0 


N-r 


Suppose now that the optimal path will be 
followed from interval N — r + 1 on out. 
Given the same wage differential at time 
N — 7 as would exist along the optimal 
path, what is the value of R(N — 1) that 
would be produced by atomistic decision 
making? In particular, is it R*? 

We assume that each individual chooses 
a plan of action over the planning horizon 
that will maximize his expected income. 
The momentary equilibrium in interval 
N — 7 therefore requires that the expected 
income of a person who enters the market 
in that interval be equal to his expected in- 
come if he delays entry. Given our assump- 
tion that wages and unemployment rates 
will follow the optimal path from N — 7 + 1 
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onward and that workers anticipate this 
path of wages, atomistic momentary equi- 
librium in the interval N — 7 requires: 
(16) -WN - 7) + (i - FR) 

-WAN — 7 + 1) + {Ql — F(R)) 


È mO- È my 
+ F(R)-G} = 


where G is the expected value of income of 

a person who first enters the market at time 

N — 7 + 1 and N is the last interval of the 

planning horizon.’ Intuitively, this ex- 

pression simply balances the expected loss 

and gain from entering the labor market. 
The expression 


(I) B= (= FR) È MO 
- È WO + FIR)-G 


N~-r+i 


is simply the expected earnings gain over 
the interval [N — r + 1, N} for a worker 
who enters the market at time N — r. There- 
fore, assuming that the adjustment process 
follows the optimal path, we know 


ES 
18 ats N-7r+1 
(18) B ah; 
However, if F’ > 0, then for interval 
N-7 
(19) -W, + [1 — F(R)W,> -W, 


+ W,[1 — F(R*) — F'(R®)R*] = 0 


That is, if the optimal path is followed from 
time N — r + 1, the atomistic path in in- 
terval N — 7 will have a larger number of 


7The expected gains and losses must balance. In 
period N — +, the foregone wage in the contracting in- 
dustry — W, must just equal the wage in the expanding 
industry weighted by the probability of securing that 
wage (1 — F(R)) Wr, And, the lost wages over the 
subsequent periods zh +41 W(t), must similarly be 
offset by the sum of the probability weighted gain 
of employment being secured in period (N — 7), 
qa - F(R)) IN. 742 W2(t), and the probability 
weighted gain of employment being secured in some 
other period, F(R): G 
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searchers in the labor market than will the 
optimal path. It follows that the uncon- 
trolled unemployment rate is always greater 
than the optimally controlled rate at the 
beginning of the adjustment process. 

Intuitively, each atomistic decision maker 
in making his optimizing calculation ig- 
nores the reduced probability of securing 
a job which he imposes on other searchers. 
This appears in inequality (19) as the term 
— W, F'(R*)R*. Of course, in the absence 
of such “congestion,” the atomistic path is 
indeed optimal. (This is clear from in- 
equality (19), letting F’(R) = 0.)° 

In our model, it is the appearance of a 
wage differential that provides the incen- 
tive for individuals to move to the expand- 
ing industry. Our particular specification of 
the wage-setting process must be viewed in 
perspective. We believe that our assump- 
tion that wages and vacancies are momen- 
tarily rigid is reasonably descriptive of 
reality. One explanation for such rigidity is 
that the steady-state number of vacancies is 
finite for each firm. Given set-up costs that 
are an increasing function of the number of 
workers hired, it may be unprofitable for a 
firm to instantaneously lower wages and 
expand its labor force beyond that sus- 
tainable in the steady state simply because 
of the appearance of more qualified ap- 
plicants at its employment windows than 
there are vacancies posted. 

In another sense, we do not believe our 


8Note that if the same number of people are trans- 
ferred over the planning horizon along both the 
atomistic path and the optimal control path then the 
atomistic R cannot always be above the optimal R. 

9{n our model the cost of search is income foregone 
as a result of unemployment. Undoubtedly, many in- 
dividuals search while still employed. Such on-the-job 
search is also costly if search time has any opportunity 
cost. If all search was conducted while on the job then 
the atomistic momentary equilibrium condition (equa- 
tion (16)) would have to be expressed as balancing the 
expected cost of search against the expected wage gain 
from search. The basic point made in the above 
analysis is, of course, unaffected by whether the mo- 
mentary equilibrium is expressed as balancing the ex- 
pected cost of unemployment or the expected cost of 
search against the expected wage gain. In either case, 
congestion makes atomistic decision making non- 
optimal during the adjustment process. 
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particular specification of the wage-setting 
strategy during the adjustment process is 
descriptive of reality. Given costs of search, 
all firms in the economy may be in a posi- 
tion to exploit limited (and temporary) 
monopsony power with respect to labor. 
Such exploitation, if possible, would make 
wages deviate from value marginal products 
during the adjustment process. 

Deviations of wage from value marginal 
product would complicate the optimality 
analysis. The atomistic path is dependent 
on posted wages. But the optimal path is 
dependent on value marginal products, not 
posted wages. Our argument above shows 
that if wages are anticipated and equal to 
value marginal product the atomistic path 
is not optimal. However, if the actual wage- 
setting behavior reflects exploitation of 
monopsony power, then no definitive com- 
parison of the atomistic and optimal 
control paths can be made without a pre- 
cise specification of how monopsonistic 
wage setting affects the wage differential 
between industries. Nevertheless, the 
analysis above does imply that at the be- 
ginning of the process the initial number of 
searchers determined by atomistic adjust- 
ment to a wage differential equal to the dif- 
ferential in value marginal product is 
greater than the optimal number. There- 
fore, unless the exercise of monopsony 
power by all firms reduces the initial wage 
differential, atomistic adjustment will re- 
main nonoptimal. 


H. Summary 


Lapan has shown that if workers have no 
control over the separation decision then 
interference in the market is generally re- 
quired to produce an optimal adjustment 
path. His argument leaves open the ques- 
tion of whether intervention is called for 
when separations are voluntary. We have 
shown that in a decentralized labor market 
the search strategies adopted by individuals 
can lead to congestion. If the labor market 
is subject to “congestion,” then there is a 
divergence between the private and social 
costs of search. This divergence leads to a 
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International Trade, Factor-Market Distortions, 
and the Optimal Dynamic Subsidy: Reply 


By Harvey E. LAPAN* 


James Cassing and Jack Ochs’ comment 
is, I believe, a very interesting extension of 
the analysis of my paper. Their two basic 
results are: (i) that congestion will occur in 
the search for jobs; and (ii) that given costly 
labor mobility, private decisions regarding 
voluntary quits will yield a socially optimal 
adjustment path if individuals have perfect 
foresight and if there is no congestion (ex- 
ternality) in the search process. Thus, they 
argue that even if factor prices are not rigid, 
the presence of congestion in the search 
process implies private decisions will not be 
socially optimal, and therefore that a sub- 
sidy will be needed to support the optimal 
plan. 

While I agree with the conclusions of the 
Cassing-Ochs paper, I disagree with the 
proof they present. In deriving the socially 
optimal] plan, the authors state the objective 
is to choose R*(t) (the number of workers 
searching for jobs) “...to maximize na- 
tional income ... over the planning horizon” 
(p. 952), yet the objective function chosen 
(equation (3)) reflects only wage income, 
and not national income. If maximization 
of national income is the objective, then I 
believe the objective function should be: 


(1) max = [PiX (L0) + PiX) 


where the notation is the same as in their 
paper. Optimizing (1), subject to their equa- 
tions (6)-(8) (and the definitional equations 
(4)-(5)), the optimality condition reduces to 
(15), as presented in their paper. However, 
if their objective function is used ((3) or 
(13)), the optimality condition will not, I 
believe, reduce to (15); the reason for this 
is that, in differentiating (13) with respect 
to Ry_,, Cassing-Ochs (implicitly) treat 
W,(N — 7) and W,(N — r + 1) as constants. 


* Associate professor of economics, Iowa State Uni- 
versity. 


But, an increase in Ry_, reduces L,(N — 7), 
and increases L,(N — r + 1), which, from 
their (4) and (5), implies that W,(N — 7) 
and W,(N — r + 1) change as Ry_, changes. 
if the objective is maximization of wage in- 
come (as implied by their choice of objective 
function), then terms reflecting the changes 
in the wage rate due to changes in the con- 
trol should appear in their objective func- 
tion. Consequently, I believe that the cri- 
terion they present for an optimal path (15) 
is inconsistent with the objective function 
((3) or (13)) that they use. On the other 
hand, if the objective is maximization of na- 
tional income, as depicted by my (1), then I 
believe (15) reflects the appropriate opti- 
mality conditions. Nevertheless, I should 
stress that I do agree with their qualitative 
conclusion that congestion in the labor 
market will lead private decisions to be 
socially inefficient. 

Furthermore, the model presented in my 
paper can readily be interpreted to consider 


‘the social optimality of private actions; the 
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control model in no way assumes factor 
prices are rigid. The key assumption is 


(2) L, = piu)Lm; (0) = 0, 
$ > 0,¢" < 0 


where L, is the increase in employment in 
C (the sector in which labor’s marginal 
value product is larger); L,, is the stock of 
potential workers in M (L, + L,, = L, con- 
stant), and u is the unemployment rate in M. 

While the discussion of the optimal sub- 
sidy in my paper presumes unemployment 
is involuntary, nothing precludes us from 
interpreting u as voluntary unemployment 
(this distinction is irrelevant for a centrally 
controlled solution). In terms of the Cassing- 
Ochs paper: 


(3) R(t) = ul, 
where R is voluntary unemployment. Thus, 
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(2) depicts the relationship between job 
hires in C and the number searching for em- 
ployment there (R(t)). Moreover: 


(4) (aL,/dR) = ¢'(u) 


since L,,(t) is given at t. Therefore, ¢’(u)dt 
represents the probability that an individual 
searching for work for a time (dt) will find 
employment in C; it corresponds to (1 — 
F(R)) in the Cassing-Ochs paper. The as- 
sumption that $'(0) is finite merely implies 
that, if there is only one searcher, it takes a 
nonzero amount of time for him (her) to 
find a job—a not unreasonable assump- 
tion.! From (4): 


(5) (@?L,/dR*) = [6"(u)/L,] < 0 


Since (5) reflects the change in the prob- 
ability of finding a job as the number of 
people searching increases, ¢” = 0 cor- 
responds to no congestion (F'(R) = 0), 
whereas $"(u) < 0 corresponds to conges- 
tion in the labor market (F’(R) > 0). 

Private individuals, in deciding whether 
to quit work and search, compare the op- 
portunity cost of search to the expected 
benefits. Letting V(t) represent expected 
(private) net benefits of search:? 


(6) V(t) = [p'u A (W.0) 
— W,,(8))e-"9-9do — W,,(t)]dt 


In (6) W,,(t)dt is the opportunity cost of 
searching for a time interval dt, 6'(u)dt is 
the probability of finding a higher paying 
job, and the integral represents the net dis- 


'The assumption that labor mobility is costless 
means, in our context, that #'(u) is infinite. 

2Formally, the decision is not only whether to search 
for a job, but when. Define V(t) = V(t)e~’ t, so that 
Vy is the discounted value of search at t. If O < 
Viti < Pat + dt), then search at t is not desirable, 
even though it will eventually become so; i.e., u(t) = 0, 
but u(7) > 0, some 7 > t. However, for $" <0,r2 0, 
and W(t + dt) 2 0, it is readily shown that u(t) = 0 im- 
plies V(t) > V(t + dt). Consequently, not all search 
will be postponed: u(r) > 0 — u(t) > 0 for all t < 7. 
Similarly, if employment never falls to zero in M (as is 
guaranteed by the Inada derivative conditions), then 
a competitive solution with perfect foresight implies 
Vit) < 0. Therefore, for a competitive solution, 
u(t) > 0 implies V(t) = 0; and u(t) = 0 implies 
V(r) < 0 for all r >t. Throughout, we assume in- 
dividuals are risk neutral. 
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counted value of the higher wage rate? Of 
course, T reflects the end of the horizon for 
the prospective searcher. If V(t) is positive 
atu = 0, some search is worthwhile; other- 
wise, none will be undertaken. 

The socially optimal plan is given in my 
earlier paper; from the maximum principle 


(my (11)): 


(7) qo'lu) — PFANm) < O; 
ulg’ (u) — PFa) = 0; Na = L,(1 — u) 
where q—the costate variable—is the (cur- 
rent) social value of an increase in L,(t). 
The differential equation for q is (my (16)): 


(8) ġ = (r + 6)q - (F; - PU - u)F,,) = 
(7 + @ — ud')q - (F. - PFa) 


Consider the term (¢ — u@’); along an 
optimal path, u*(t) is given. Define 


(9) e(t) = o(u*) — u*ġ'(u*) 


Given that 6” < 0, (0) = 0, and ¢'(0) is 
finite, then e(t) > 0 everywhere. Moreover, 
e(t) = 0 if either (i) @” = 0, or (ii) u*(t) = 
0 for all t. Thus: 


(10) «(t) > 0 

if, and only if, 6” < 0 and u*(t) > 0 
Integrating (8), using (9) and the trans- 
versality condition q(T) = 0 yields 


(l 1) q(t) = J [e~"-Ye Si edn 
-(Fi(0) ~ PF',(9))|d6 


In (11), ris constant, but e is understood to 
depend on time (if 6” < 0 and u*(t) > 0). 
Given q(t), u*(t), the optimal unemploy- 
ment rate at t, is determined from (7). 

In order to compare the socially optimal 
plan to atomistic decisions, we must specify 
how W, and W,, are determined. If these 
parameters do not reflect the current mar- 
ginal value product of employed workers, 


3The integral should run from (t + dt) to T, but for 
small dt, the difference is of the second order of small- 
ness ((dt)”). Note that our formulation of the problem 
permits discounting, whereas Cassing-Ochs consider 
only the case where the private and social discount 
rates are zero. 
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it is clear private actions will not be opti- 
mal. Thus, assume 


(12) WA) = Fe); Walt) = 
PF;,(Nn(t)) 


where C is the numeraire. Using (12) and 
(11), (7) becomes: 


T) ou) {7 ertoe a 
` (W.(0) - Wn(9))49] - Walt) < 0 


Comparing (7’) to (6), the private de- 
cision rule, we see that the expressions differ 
only in the term involving e; if e(t) = 0, the 
two expressions coincide, assuming in- 
dividuals have perfect foresight. If there is 
no congestion (ġ” = 0 = e(t)), then private 
decisions are socially optimal. Moreover, in 
my earlier paper I showed that for 6” = 0, 
N,,(t) increases over time (for u(t) > 0). 
This implies that all separations occur 
initially. As time passes, some individuals 
find jobs in C, whereas others return to 
their “original” jobs in M.t The pool of 
searching workers declines over time (this is 
also true for 6” < 0). 

Ifo” < 0, but u*(t) = 0 (i.e., if wage dif- 
ferentials are small, relative to r, or the 
length of the plan is short), then e(t) = 0 
and private decisions will again be socially 
optimal. However, if o” < 0, and u*(t) > 0 
for some t, then (6) and (7’) no longer 
coincide. The congestion—or externality— 
causes private decisions to be socially sub- 
optimal. Comparing (6) and (7’) we see 
that, starting from the same initial alloca- 
tion of labor, the initial unemployment rate 
under private actions u(t) will exceed u*(t), 
as stated by Cassing-Ochs. Clearly, the 
initial private unemployment rate is higher 
because private decision makers ignore the 
congestion caused by additional entries into 
the pool of searchers; the optimal plan 


4This assumes no search is necessary in M—workers, 
having been employed there, know where to look for 
work. For symmetry, one should assume it is necessary 
to search for jobs in M as well as C; this, in turn would 
discourage initial quits. However, neither my original 
paper—nor the Cassing-Ochs  specification—in- 
corporates this assumption. 
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properly recognizes these congestion costs. 

However, this does not imply that private 
decisions lead to unemployment rates that 
are everywhere higher than for the optimal 
path. The higher initial u(t) implies that at 
any future time, more workers will be em- 
ployed in C under the private solution than 
under the socially optimal plan (L?(t) > 
L¥*(t)). Moreover, since the decision rule 
for terminating search—or labor transfers— 
is the same for private decisions and 
socially optimal ones; and since the ter- 
minal period of full employment increases as 
L, increases, it immediately follows that full 
employment is restored sooner under private 
actions than under the socially optimal plan. 
Consequently, with congestion, the initial 
private unemployment rate is higher than is 
socially optimal, but ultimately it falls below 
the unemployment rate along the optimum 
path. Full employment is achieved sooner 
under private actions, more labor is trans- 
ferred to the higher wage sector, and na- 
tional income—during the latter stages of 
the plan—is larger under private actions. Of 
course, the discounted value of national in- 
come over the whole plan is less under pri- 
vate actions. 

The principal point raised by Cassing- 
Ochs, I believe, is that even if factor prices 
are not rigid, private actions will not be 
socially optimal if congestion occurs in the 
search process. This point—with which I 
completely agree—follows directly from the 
externality generated by too many people 
searching for jobs at any one time. Private 
decisions will be socially optimal if: (i) no 
congestion occurs; (ii) individuals have per- 
fect foresight; (iii) the private and social 
planning horizons and discount rates are 
equal; and (iv) wages adjust instantaneously. 
Should any of these conditions fail to hold, 
then some intervention is required to sup- 
port the socially optimal plan. 


5Of course, if an optimal plan were instituted at any 
future moment, given the labor allocation provided by 
private decisions, then the socially optimal unemploy- 
ment rate would be lower. However, it makes more 
sense to contrast the time path generated by private 
decisions to that generated by a plan that is optimal 
over the whole planning period. 
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The Genetic Determination of Income: 
Comment 


By ARTHUR S. GOLDBERGER* 


In quantitative genetics, the heritability 
of a continuous trait denotes the proportion 
of its variance which is attributable to ge- 
netic differences. A classical method for as- 
sessing heritability contrasts the correlation 
of the trait observed across pairs of identi- 
cal twins (= monozygotic twins = MZs) 
with that observed across pairs of fraternal 
twins (= dizygotic twins = DZs). In its 
simplest version, the twin method attributes 
the greater correlation of MZs entirely to 
the perfect correlation of their genotypes. 
Since the genotypes of DZs, like those of 
ordinary siblings, correlate only about 1/2, 
the very simplest twin method just doubles 
the difference between the two observed 
correlations to estimate heritability. 

Economists may have become aware of 
the heritability concept, and of the twin 
method, via the great IQ debate, in particu- 
lar via the books of Arthur Jensen (1972, 
1973), Richard J. Herrnstein, and Christo- 
pher Jencks. A series of articles by Paul 
Taubman (1976a,b), and Jere Behrman and 
Taubman, has now brought heritability 
and twin methods into economics itself. 
Twin data on schooling, initial occupation, 
later occupation, and earnings lead to such 
inferences as “Genetics by itself accounts 
for roughly 30 to 40 percent of everything 
except initial occupation, where it accounts 
for 8 percent’? (Behrman and Taubman, 
p. 438). 

I believe that such conclusions are un- 
warranted and indeed that the entire effort 


*Professor of economics, University of Wisconsin- 
Madison. Research support has been provided by 
grants from the National Science Foundation, the 
Institute for Research on Poverty, and the Center for 
Advanced Study in the Behavioral Sciences. I am 
grateful also to John Conlisk, John Geweke, Robin 
Hogarth, Richard Lewontin, Michael Olneck, and 
Sandra Scarr for instructive correspondence and dis- 
cussions. Responsibility for judgments and errors is 
solely mine. 


is misguided. The plan of this paper is as 
follows. In Section 1, Taubman’s equations 
are spelled out. In Section II, his procedure 
for obtaining bounds on parameters is 
analyzed. In Section III the specification of 
his model is critically examined. Section IV 
argues that heritability is essentially irrele- 
vant for economic policy. An Appendix 
calls attention to other problems in Taub- 
man’s articles. 


I. The Estimating Equations 


Suppose that the variable observed for an 
individual, his phenotype Y is determined 
as the sum of two unobserved variables, his 
genotype X and his environment U: 


Y=X+U 


The two unobserved variables are sym- 
metrically defined constructs: Genotype X 
is the expected value of Y for persons hav- 
ing a given genetic constitution, taken 
across the full distribution of environ- 
mental conditions. Environment U is the 
expected value of Y for persons developing 
in a given environmental condition, taken 
across the full distribution of genetic 
constitutions. Across individuals, the 
phenotypic variance is 

oY = ox + oy + 2oxy 

Division by øf gives the variance decom- 
position: 


(1) 1 = hh? + e? + 2rhe 


where h? = oj/o} = heritability 
= ratio of genotypic variance to 
phenotypic variance 
e = oi/o} = environmentability 
= ratio of environmental variance 
to phenotypic variance 
F = ly = Oxu/(oxou) 
= correlation of an individual’s 
genotype with his environment 
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The individual is paired with his twin, 
whose variables are distinguished by a 
prime: 

Y'=X'+U' 


Across such pairs, the phenotypic covari- 
ance is 


Oyy: = Oxy + Cyu’ + 2oxy: 


the symmetry of the situation making 

2 2 2 
oxy = oxy, and oy = oy, oh = of, 
oxy: = oyy. Division by g% gives the cor- 
relation decomposition: 


2 2 
Py = Peet” + Nye? + 2ryhe 


where ry = oyy /oy 
= correlation of an individual’s 
phenotype with his  twin’s 
phenotype 
Ky = oxx [ox 
= correlation of an individual’s 
genotype with his twin’s geno- 
type 
Fag = Suu ‘fot ou 
= correlation of an individual’s 
environment with his twin’s 
environment 
oer, oxy | (oxo) 
= correlation of an individual’s 
genotype with his twin’s en- 
vironment 
For identical twins, X = X’, so ry = | 
and ry = Fyw = ly = r. Further, for identi- 
cal twins, denote rw by p*, and the ob- 
served ry, by c*. Then 


(2) c* = h? + p*e + 2rhe 


For fraternal twins, on the other hand, the 
situation is less clear cut. Denote r,, by g, 
Faw DY S, Tuy by p, and the observed 7,, by c. 
Then 


(3) c= gh? + pe’ + 2she 


Equations (1)-(3) express the three ob- 
servable items (1, c*, ci in terms of seven un: 
known parameters (h’, e°, r, p*, p, g, 5).' 
Taubman assumes that g = 1/2 ‘(the value 
which follows from supposing that mating 


~- IMy àh, e, p correspond to Taubman’s g, n, p, Te- 
spectively. 
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is random and that all gene effects are 
additive), that p = p* (environments are as 
similar for DZ pairs as for MZ pairs), and 
that s = pr (that is, r,,., = 0, the correla- 
tion of one twin’s genotype with his DZ 
twin’s environment vanishes when the first 
twin’s environment is partialled out). I will 
assess these assumptions in Section III. For 
now, let us accept them, and thus have: 


(4) 1 = k? + e? + 2rhe 
(5) c* = h? + pe? + 2rhe 
(6) c = h?/2 + pe* + 2prhe 


Equations (4)-(6) constitute Taubman’s 
estimating equations. They express the three 
observable items (1, c*,c) in terms of four 
unknown parameters Ae e? r, p). It is 
understood that 0 < h?,e? < | and that the 
observed data satisfy 0 < c < c* < L. 

In the classical twin method, it is assumed 
that r = 0, whereupon the system has a 
unique solution, namely 


2 = 2(c* — e) 
e = 1 ~ 2(c* — c) 
p = (2e — c*)/(1 — 2(c* — )) 


(Notice how the double-the-difference esti- 
mator for heritability arises.) But Taubman 
(1976a, p. 861) considers r = 0 to be in- 
appropriate and hence does not impose it. 
Instead, he assumes that z and p are non- 
negative, so that the system (4)-(6) is sub- 
ject to the inequalities 


(7) O<r<l 0 1 
O<h’ <1 0 1 


For his twin data, he tabulates selected 
numerical combinations of h?, e?, r?, and p 
which are compatible with (4)-(7), empha- 
sizing the maximum and minimum attain- 
able values of those parameters. 

Thus, for schooling, Taubman (1976a, 
pp. 865-66) observes c* = .76 and c = 
and reports these as the extreme points: 


h? = 23, e? = 51, r? = .14, p = .55 
h? = 46, e? = 54, r? = 0, p= .5701 


A i 


=? 
se 


N 


For log earnings, he observes c* = .54 and 
c = .30, and reports these as the extreme 
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points: 
k? = 06, e? = .63, r?° = .58, p = .28 
h? = 50, e? = 50, z? = 0, p= .086 


II. The Bounding Procedure 


The extraction of such remarkably pre- 
cise information—for example, the narrow 
ranges for e?, r?, and p for schooling—from 
such limited data should give one pause. 
Common sense dictates that we examine 
the bounding procedure analytically before 
giving credence to the results it produces in 
a particular data set. 

To do so it is convenient to introduce 
these transformations of the observed cor- 
relations: 


m = 2(c* — c), 
n= 2(1 — c*), 
t=2(1 -c)=m4+n, 
k = 8e(1 — c*) = 2n(Q2 - t) 
With 0 < ¢ < c* < 1, these observed quan- 


tities satisfy 0 < m,n,t,k < 2. Next, it is 
convenient to solve (4)-(6) down to 


1 


(8) r = (1 — hk? — e?)/(2he) 
(9) p = 1—n/(2e’) 
(0) e? = n(l — A?) /(t — h°) 


Equation (10) is the locus of h’, e? com- 
binations that satisfy (4)-(6). Let f (h°) de- 
note the function on the right-hand side of 
(10). Its derivative, namely, 


S) = (1 = n/t - 


is signed by 1 — ¢: For given data, the solu- 
tion value for e? is monotonic in A’, rising, 
remaining constant, or falling as h? rises ac- 
cording as? < 1, ¢ = 1, ¢ > 1. The solution 
values in (8)-(9) are also monotonic: r 
moves inversely with h’, while p moves 
directly with e°. 

Under the constraints (7), extreme values 
of h? and e? can occur at: 


kY 


2For details of the analysis and subsequent discus- 
sion see the more complete version of this article 
(1977b). 
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-e=l-h 
e = 1 — f 
e = n/2 


which correspond to r = 1, r = 0, and p = 
0, respectively; p < 1 is not binding. Insert 
ing each of these in turn into (10) locate: 
the points: 

A: k = a’, e = (1 — ay 

Bik? =m e=l—m 

C: h? = 2 - te? = n/2 


i} 


where a denotes the root (0 < a < l)of 
W-hW-~(t+nh+m=0 


the cubic equation which arises when e = 
1 — his inserted into (10). Which of these 
points are attainable, and which pair o; 
them locate the extremes, will depend or 
the observed data. For each point on the 
locus (10) the r and p values can be ob. 
tained from (8)-(9). 

Analysis of the domain 0 < ¢ < c* < | 
indicates that five data constellations, o1 
cases, should be distinguished. These are 
defined below, in terms of the data (c* anc 
c) and again in terms of our transforms 
(m,n, t, k): 


CASE 1: 1/2<c, n<i-m, t<i 
CASE 2: 1/2=c,.n=1-m, : t=1 
CASE 3: ¢*/2 < ¢ < 1/2, 

(-—-m)<n<21—m), t>] 
CASE 4: c < c*/2 < (2c)? -e 

2(1 — m) <n < 2(1, — m) + 2k! 

t>] 

CASE 5: (2¢)!? — c < c*/2, 

211 — m) + 2k'? < n, t>: 


For each case in turn, we locate the extrem: 
points, and provide a numerical example. 


CASE 1: The constraints r < 1 andr > ( 
are binding, points A and B “locate the ex. 


' tremes. As we move along the locus from A 


to B, decreasing r from 1 to 0, A? rises anc 
(since t < 1) so do e? and p. For our nu- 
merical example, take Taubman’s schooling 
data: c* = .76,c = .54.Herem = .44, n = 
.48,¢ = .92. Thus the bounds are given by 
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1: k? = 076, e? = .525,7 = 1, p= 543 
3: h? = 44, e= 56, r= 0, p = S71 


These differ from Taubman’s tabulated ex- 
rema for schooling, cited earlier, so that his 
igures are incorrect, The discrepancies are 
juite minor, except for the upper limit on r, 
vhich clearly must be 1 rather than .37 = 
.14)'2, and the lower limit on h? which 
hould be .076 rather than .23. 


SASE 2: The constraints r < | andr > 0 
re binding, points A and B locate the ex- 
remes. As we move along the locus from A 
o B, decreasing r from 1 to 0, k? rises, but 
? remains constant at n/2 (since t = 1) and 
' remains constant at 1/2. Note this singu- 
ar case arises whenever the observed DZ 
orrelation ¢ happens to equal 1/2. For our 
tumerical example, displace Taubman’s 
chooling data slightly, taking c* = .72, 

= .50. Herem = .44,n = .56,t = 1. The 
wounds are given by 


l: A? = 063, e? = 52, r= 
3: h? = 44, e? = 56, r 


l, p = .50 
0, p = .50 
JASE 3: Again the constraints r < 1 and 
> Oare binding and points A and B locate 
he extremes. As we move along the locus 
rom 4 to B, decreasing r from 1 to 0, h? 
ises, but now e° and p fall (since ¢ > 1). 
‘or our numerical example, take Taub- 
aan’s log earnings data: c* = .54,c = .30. 
Jere m = 48, n = .92, t= 1.40. The 
wounds are given by 


l: h? = 038, e? = 650, r= 1, p = .292 
2h? = 48, e= 52, r= 0, p= 115 


tt 
i 


Chese differ from Taubman’s tabulated ex- 
rema for log earnings, so that his figures 
ire incorrect. The discrepancies are minor, 
‘xcept for the upper limit on r which clearly 
nust be 1 rather .76 = (.58)'”. 


CASE 4: Here the constraints r < 1 and 
> 0 are binding; points A and C locate the 
xtremes. As we move along the locus from 
{ towards B, decreasing r from | towards 
}, A? rises, while e? and p fall (since t > 1). 
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But we reach C (p = 0, e? = n/2) before 
arriving at B (r = 0, e? = 1 — m), since 
n> 2(l1 — m). For a numerical example, 
we take c* = .7 and c = .3. Then m = .8, 
n= .6, t = 1.4, k = .72. The bounds are 
given by 

A:h? = 129,e7 = 41l,r=1, p= .270 
C:k = 6 e= 3, r=.117,p=0 


CASE 5: Here no solution is admissible, 
the constraints are in conflict. At point A, p 
is already negative and falls as we move to- 
wards B. A numerical example is provided 
byc* = 9andc = .2, which give m = 1.4, 
n= .2,t = 1.6, and thus 


A: h? = 485, e = 092, r = 1, p = —.087 


To supplement these examples, Tables 1 
and 2 give for selected combinations of c* 
and c, the upper and lower bounds on h? 
and e? which flow from Taubman’s bound- 
ing procedure. Some features of the bound- 
ing procedure are now apparent: 

(i) When c = .50, the upper and lower 
bounds on e? coincide: we are certain of the 
value of environmentability. (We are also 
certain that p = .50.) When c is in the 
neighborhood of .50, the upper and lower 
bounds on e° are quite close together. But if 
the data change slightly the bounds may 
move substantially. For example, if c* = 
.60 and c = .40, we are certain that .60 < 
e? < .66, but if c* = .70 and c = .40, then 
it is equally certain that .40 < e? < .49, 

(ii) A slight change in the data can con- 
vert a narrow-bound situation into a no- 
solution situation. For example if c* = .60 
andc = .10, we are certain that .12 < k? < 
.20 and that .40 < e? < .42. But if c* = .70 
andc = .10, we are equally certain that the 
model does not fit at all. 

(iii) The bounds are not confidence 
limits for they take no account of sampling 
variability. One might develop confidence 
limits on the bounds by perturbing the ob- 
served correlations, say, by + one standard 
error as Taubman (1976a, p. 867) does. Al- 
ternatively, one can compute standard er- 
rors analytically, since the bounds are func- 
tions of the observed correlations. 


964 THE AMERICAN ECONOMIC. REVIEW DECEMBER 197: 


TABLE 1—UPPER AND LOWER BOUNDS ON HERITABILITY h? 


MZ Twin 
Correlation c* DZ Twin Correlation c 
1 2 3 4 5 6 7 8 
9 - - 60 80 80 60 A0 .20 
- = .43 37 31 23 AS .06 
8 - 40 60 80 60 40 20 
- 28 24 19 Ad 08 03 
7 - 40 60 60 49 .20 
- 17 13 09 0S 02 
6 20 40 60 40 .20 
12 .09 06 04 01 
5 .20 40 40 .20 
07 05 02 .01 
4 .20 40 20 
04 02 01 
3 .20 .20 
.02 .00 
2 .20 
.00 


Note: Dash indicates no feasible solution. 


(iv) The bounds need not center around 
the true parameter values. For example 
suppose that the true values are h? = .80, 
e? = .10,r = .177, p = 0. Then the popula- 
tion correlations are c* = .90, c = .40. En- 


tering the tables with those entries we find 


TABLE 2—-UPPER AND LOWER BOUNDS ON ENVIRONMENTABILITY € 


37 < h? < 80 and .10 < e? < .15. (Th 
explanation is clear: the bounds are de 
signed to “just” catch extreme paramete 
values. If the true parameter values are ex 
treme (p = 0), then the bounds will indee: 
barely catch them.) Consequently there i 


2 


MZ Twin 
Correlation c* DZ Twin Correlation ¢ 
1 2 3. 4 5 6 7 8 
9 - - 312 15 .20 40 60 80 
- - .10 .10 .20 .27 .38 .56 
8 ~ .22 26 32 40 60 80 
- .20 20 20 40 51 68 
7 - 35 41 49 .60 80 
- 30 30 40 .60 75 
6 42 48 56 66 .80 
40 40 40 .60 30 
5 54 61 71 .83 
.50 .50 60 .80 
4 .67 74 86 
60 60 80 
3 77 .87 
70 80 
2 89 
.80 


Note: Dash indicates no feasible solution. 
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no justification for focusing on the mid- 
points of the intervals as point estimates as 
Behrman and Taubman (p. 437) do. Nor is 
there any rationale for arbitrarily restricting 
the range of r? to the interval (.003, .11) to 
reduce the range of uncertainty about the 
other parameters as Taubman (1976a, p. 
866) does. 


III. The Causal Model 


Up to this point I have accepted Taub- 
man’s estimating equations and simply in- 
vestigated his bounding procedure. Now I 
wish to inquire into the causal model which 
led to those estimating equations: what 
structure produced his reduced form? The 
question is particularly pressing because he 
has restrictions on the reduced-form co- 
efficients: compare (4)-(6) with (1)-(3). The 
answer cannot be found in Taubman’s ar- 
ticles for no coherent causal specification is 
given there. 

With respect to determination of geno- 
types, the structure is clear, being the 
simplest variant of the standard model of 
polygenic transmission from parents to chil- 
dren. (See Cyril Burt and Margaret Howard 
or D. S. Falconer, chs. 7-10.) Let X, and 
X, denote the genotypes of father and 
mother. Their child’s genotype is deter- 
mined by 
(11) X=X, +W 
where X, = (X, + X,)/2 (the midparent 
genotype) and W (the specific component, 
representing Mendelian segregation) are in- 


dependent. In equilibrium, the variances of 
Xi, Xa, X are equal, so that 


oh = (1 ~ w)0}/2 


where u = o o% is the correlation be- 
H XıX2/ OX 


tween the parents’ genotypes. For another 
child of the same parents, 


(12) X =X, aw 


oł, = (1 + u)o%/2, 


with W’ independent of X, and (except in 
the case of MZ twins) of W. Thus for DZ 
twins, as for ordinary siblings, oyy = oy, 
waence 
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8g = rw = ayx | oY = (i + u)/2 


while for MZ twins, W = W', X = X’', and 
so ožy: = o%. (We continue to use the * to 
distinguish MZs.) Taubman’s random-mat- 
ing assumption makes u = 0 and thus g = 
1/2. 

With respect to determination of environ- 
ments, the structure is quite unclear, there 
being no well-established specification in 
the quantitative genetics literature. Let us 
consider several possibilities. 


MODEL 1: Taubman writes, “Since 
the DZ brothers’ environments are corre- 
lated, we can write N’ = pN + z' where z' 
is a random variable. We then assume that 
G is uncorrelated with z’ or that one DZ 
brother’s genes are uncorrelated with his 
sib’s specific environment” (1976a, p. 860). 
Translated into my notation, this says U’ = 
pU + Z' where Z’ (specific environment) is 
uncorrelated with X. Symmetry requires 
that we include the mirror image equation 
also: U = pU' + Z. To permit gene-en- 
vironment correlation at the individual level 
while precluding gene-specific-environment 
correlation across DZ twins, requires that 
Z' be uncorrelated with X, as well as with 
W. These considerations lead us to the 
specification that the twins’ environments 
are reciprocally determined by 


(13) U=pU'+Z, U'=pU+Z' 


where Z is uncorrelated with X, and W’, 
and Z' is uncorrelated with XY, and W. 
Solving this pair of simultaneous equations 


3This version of the standard genetic model rules 
out nonadditive gene effects (dominance). When 
those are present, only a portion of the genotype (the 
“breeding value”) is transmitted according to (11)- 
(12), another portion (the “dominance deviation”) is 
not transmitted, but is correlated across siblings. Then 
the slope of child’s genotype on midparent genotype 
drops below 1 (its value in (11)-(12)), being the ratio 
of additive genotypic variance to total genotypic 
variance: see Falconer (ch. 7) or Jencks (pp. 270-71). 
Taubman’s interpretation, ‘‘Nonadditive gene effects 
mean that the average [of two variables] ... is not half 
their sum” (1976a, p. 860), is of course incorrect. 

4The unsettled state of environmental transmission 
in quantitative genetic models is exemplified by Robert 
Plomin, John de Fries, and John Loehlin. 
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yields 


U=q(Z+pZ'), U'=q(pZ+ 2’) 


where q = 1/(1 — p°). To ensure that oj, = 


e and ayy: = pæ, we set c} = 0% = e?/q 


and ezz: = —pe?/q. Then, for individuals, 
oy = @(oz + paz + 2pozz) 
= ge(1 + p? — 2p?) =e’, 
Oxu = Woz = rhe 
For DZs, 
Cyy = Ppa + (1 + P?)ozz') 
= ge’(2p — p(l + p’)) = pe? 
xy = PaCzw = prhe 


Up to here, Taubman’s restrictions hold up. 
But for MZs, W' = W, so that 


oty = Q(powz + wz) = q(1 + p) 
Czy = (1 + p)rhe 


This makes of, = oyy, which is absurd. 
Indeed, with W’ = W it is no longer possible 
for W to be correlated with Z and uncorre- 
lated with Z’. Thus, this attempt to produce 
Taubman’s estimating equations fails for 
lack of a consistent specification of environ- 
mental determination in MZ families. 


MODEL 2: (See N. E. Morton.) Sup- 
pose that the twins’ environments are de- 
termined by 


(14) U=U, +V, Ul =U,+V' 


where U, (= common environment) and 
V, V’ (= specific environments) are mutually 
uncorrelated, and also uncorrelated with 
X., W, W', except that oy u, may be non- 
zero. The idea here is that the parents pro- 
vide part of the environment (a part which 
may be correlated with their genotypes), 
while another part is random. (Note that 
V, V’ are “specific” in a more natural sense 
than Z, Z’ were; they represent deviations 
from a common component, rather than 
from a regression of one twin on another.) 
From (11)-(12) and (14), with the various 
zero correlation assumptions, we can calcu- 
late 
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oy = oh, + OF 
Oyy = Oy = ov, 
Oxy = Oyu = Ofy = Tx U, 
Consequently 


(15) p= Cyu f oy = ofu [oy = p* 


in accordance with Taubman’s restrictions. 
But 


S = Oxy | (0x0u) = fy /(oxoy) =r 


contrary to his s = pr. 

For this model, the reduced form (esti- 
mating equations) will consist of (4), (5), 
and 


(6’) c = h?/2 + pè + 2rhe 


A more general variant of this model would 
allow the specific environments of MZ twins 
to be correlated, on the grounds that they 
share more of their activities than DZ twins 
do. Then ogy = oj, + of = p*e’, say. 
The reduced form will then consist of (4), 
(5°) c* = h? + p*e + 2rhe 


and (6’). With 5 unknown parameters (h?, 
e?, r, p*, p) there is even less identification 
than in Taubman’s scheme: see R. M. Ho- 
garth, Jensen (1975), and the author (1976), 
Indeed, once p* is freed from equality with 
p, one can arbitrarily set hk? = 0 and r = 0, 
and solve the estimating equations to get 
e = l, p* = c*, p = c. In this solution 
heritability is zero, the entire excess of MZ 
over DZ phenotypic resemblance being ac- 
counted for by an assumed excess of MZ 
over DZ environmental resemblance.’ 


MODEL 3: (See G. Chamberlain.) 
Suppose again that the twin’s environments 
are determined by (14), but now allow copy 


5]t is not surprising that the p = p* assumption 
plays a crucial role in the twin method, and that it has 
been the focus of much discussion: see Torsten Husén; 
Oscar Kempthorne and Richard Osborne; Richard 
Lewontin (pp. 396-97); Behrman, Taubman, and 
Wales; the author (1977a). For some evidence which 
does support p = p*, see S. Scarr, Adam Mathény, 
Ronald Wilson, and Anne Dolan, and Loehlin and 
Robert Nichols, ch. 5. 
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to be nonzero, along with Sy uo Thus the 


specific as well as the common components 
of an individual’s genotype and environ- 
ment are correlated. We now have 


EGGJA 2 
oy = oy, + Op, 


a, ee 
Suu = yu = Gu, 


Txu = Ofy = Ox, u, + Owy, Oxu = Ox Uo 
Consequently p* = p as in (15), while 
S = Oyy] (0x0u) = oy,u,/(Fxou) = dr 


where d = ox,u,/(x,u, + owy). We can 
obtain d = p and thus Taubman’s s = pr, by 
imposing gyy/oy v, = (1 — p)/p, which 
says that the covariances of the specific and 
common genotype-environment components 
stand in the same ratio as the variances of 
the specific and common environmental 
components. 

But that is entirely ad hoc, and so Model 
3 would only push back the question of en- 
vironmental determination by introducing 
an unanalyzed correlation between the specific 
components of an individual’s genotype and 
his environment. What process produces that 
correlation?® 


MODEL 4: Suppose that the specific 
component of genotype is in fact a deter- 
minant of the specific component of en- 
vironment: 


(16) U=U,+bW+V 
U'=U,+ bW' + V' 

where b is a coefficient (presumably posi- 

tive) and V, V’ are reinterpreted as purely 

random components of environment, mu- 


tually uncorrelated, and uncorrelated also 
with X,, U,, W, W'. We may calculate: 


1 


6Furthermore, Model 3 would imply additional in- 
equality restrictions which were overlooked in the 
bounding procedure. The implied squared correlation 
between W and V is r2, = 2(1 — p)r2. For this to be a 
proper correlation requires that 2(1 — pyr’ <j, an 


inequality which is violated, for example, at point A in ` 


my numerical example for Case 3 (Taubman’s log 
earnings data). Similarly the implied squared cor- 
relation between X, and U,, namely 2pr?, must be 
less than or equal to 1. 
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oy 


i 


oy, + bot, + 0} 
chy = ou, + boy 

2 
Suu = Tu, 


and need go no further. Clearly, Taubman’s 
assumption of equal environmental correla- 
tions is ruled out, since ofy: > yy implies 
p* > p. The very process which makes 
for a heightened gene-environment cor- 
relation across MZs also makes for a 
heightened environmental correlation. The 
same problem arises if we replace W and W' 
by X and X” in (16). 

These four alternative models may not 
exhaust the possibilities. It is conceivable 
that some other specification of environ- 
mental determination, in particular one 
which incorporated a special process for 
MZ families, could generate p* = p along 
with s = pr. But, lacking that, we should 
conclude that Taubman’s environmental re- 
strictions on the reduced form are untenable. 
His restriction on genotypic transmission is 
also questionable, since nonrandom mating 
and nonadditive gene effects would make g 
deviate from 1/2.’ Once those restrictions 
are relaxed, the indeterminancy of the param- 
eters is restored, and we may have to settle 
for | and 0 as the upper and lower bounds 
for both heritability and environmentability. 


IV. Heritability and Policy 


Should this indeterminancy be a cause 
for concern and a stimulus to further re- 
search? The answer would be yes if the ef- 
fectiveness of socioeconomic policies de- 
pended on the extent to which the variance 
in income (or schooling, or occupation) was 
accounted for by variance in genetic endow- 
ments, in particular if high heritability im- 
plied that environmental policies were in- 
effective. 

But the h?, e? division is simply a par- 
titioning of observed variance, analogous to 


7Indeed, when g is treated as an unknown parameter 
in elaborate multivariate analyses of the same data 
base, Behrman, Taubman, and Wales (p. 60) estimate 
it to be 35, 
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an allocation of the multiple R? among the 
explanatory variables in a conventional re- 
gression equation. Surely the regression 
slopes rather than the contributions to R? 
are relevant to assessing the impact of policy 
changes. To assess the usefulness of a 
specific policy manipulation, a specific cost- 
benefit analysis is required; “proportion of 
variance accounted for” does not provide a 
useful short-cut (see Glen G. Cain and 
Harold W. Watts). While the within-twin- 
pair regression equations reported in Taub- 
man (1976b) are of considerable interest, 
the heritability estimates seem quite point- 
less. 

Economists might do well to abandon the 
enterprise of determining the heritability of 
socioeconomic achievement measures. As 
Jencks put it: “Indeed our main conclusion 
after some years of work on this problem is 
that mathematical estimates of heritability 
tell us almost nothing about anything im- 
portant” (p. 76). 


APPENDIX 


There are a number of cross-references in 
the Taubman articles which give a mis- 
leading impression of the robustness of the 
analysis. Taubman, upon introducing the 
assumptions which I have labelled g = 1/2, 
p* = p,s = pr, writes, “...our results are 
sensitive to several of these assumptions, 
which unfortunately are not testable within 
the context of this model. However, the au- 
thor and Terence Wales have developed a 
technique which allows us to test these as- 
sumptions once we embed the variance 
component model in a latent variable 


8Heritability analysis has been extensively developed 
and employed in plant and animal genetics. There it is 
used to predict the effectiveness of selective breeding 
programs under constant environmental conditions, 
not to set limits on the potential effectiveness of en- 
vironmental improvements. In that context, provided 
environmental transmission is absent, k? (or rather its 
additive component, “narrow heritability”) turns out 
to be the slope in the regression of offspring’s pheno- 
type on parent’s phenotype: see Falconer, ch. 11. For 
discussions of the misuse of heritability estimates in 
the great IQ debate, see Lewontin, and Marcus Feld- 
man and Lewontin. 
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model” (1976a, p. 860). Referring to the 
same assumptions, Taubman writes, 
“_.. work undertaken subsequent to that re- 
ported here gives hope that many of these 
assumptions can be tested” (1976b, p. 448), 
and goes on to write that Behrman, Taub- 
man, and Wales “have recently shown that 
embedding a twin model in a latent variable 
framework may allow us to distinguish be- 
tween various models and to identify the 
separate contributions of genetics and family 
environment” (1976b, p. 458). But these 
promises, or hopes, have not been realized. 
In their multivariate analysis of the same 
data base, Behrman, Taubman, and Wales 
do not test the p* = p ands = pr assump- 
tions, nor are those assumptions testable. 
Additional arbitrary assumptions are in fact 
introduced; see also the author (1977a). 

There is also some language which is sub- 
ject to misinterpretation. Behrman and 
Taubman conclude that “...this study sug- 
gests to us that an economic-political sys- 
tem that is basically free enterprise will be 
one in which economic inequality will be 
passed on from one generation to another 
via genetic endowments and family environ- 
ment” (p. 440), a remark which hints at 
strong resemblance between parents and 
children. But there is very little, if anything, 
in the twin study which speaks to the issue of 
intergenerational mobility. In particular a 
high value for h? is hardly evidence of im- 
mobility. When A? = 1, the phenotypic 
parent-child correlation will equal the geno- 
typic parent-child correlation, With ran- 
dom mating and all gene effects additive, 
that figure would be 1/2: parent’s income 
would account for 25 percent of the variance 
in child’s income. John Conlisk made this 
point, and also clarified the relationship be- 
tween equalizing opportunity and increas- 
ing heritability. 
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What We Learn from Estimating the Genetic 
Contribution to Inequality in Earnings: Reply 


By PAUL TAUBMAN* 


In his criticism of several articles I have 
written alone or with colleagues, Arthur 
Goldberger concentrates on two issues. The 
first is the statistical methodology that 
yields our estimate that about 40 percent of 
the variance in earnings of white males at 
age 50 is attributable to differences in ge- 
netic endowments. He suggests the esti- 
mates rely on improper or overly strong 
assumptions. The second issue is whether in 
his words, the whole effort is “misguided” 
and that our results have no implication 
for policy. 

Clearly if the whole effort is misguided, 
any attempt to understand the statistical is- 
sues or to improve the methodology would 
_ be barren; hence, I concentrate initially on 
the question of what one can and cannot 
learn from (unbiased) estimates of the con- 
tribution of genetic endowments to inequal- 
ity of earnings. There are some extremely 
important questions that we can answer 
and other important questions that we can- 
not answer with this information. Un- 
fortunately people have tried to answer the 
unanswerable ones in the heated debate in 
the IQ literature. I believe Goldberger fears 
that some economists will mistakenly try to 
use my results to answer the last set of 
questions, 

It is helpful to conduct the analysis 
within the context of a human capital 
model in which parents and their children 
are assumed to invest optimally. We begin 
by assuming that a person’s earnings de- 
pend upon his marginal productivity, which 
is a function of his skills. Let us assume fur- 
ther as numerous writers including Gary 
Becker and James Meade have done that a 
person’s skills depend upon his genetic en- 
dowments (G) and his environment or in- 
vestments in human capital (N). For sim- 


*Professor of economics, University of Pennsylvania. 


plicity let us also assume that a person’s 
observed phenotypic earnings (Y) are re- 
lated linearly to his genotype and environ- 
ment as shown in equation (1). 


(1) Y=aG+oN 


where the coefficients a and b depend on the 
units in which unobserved G and N are 
denominated. 

We can, of course, calculate the vari- 
ance of In earnings from an appropriate 
sample. We can also use equation (1) to 
express the expected value of this variance 
in terms of the unobserved variables G and 
Nas 


2) oy = a’o% + b’oh + 2aboon 


Equations (1) and (2) can be used to dis- 
cuss what questions we can and cannot try 
to answer with a sample of twins. Let us 
turn first to the qustions we cannot answer, 
The debate that followed publication of 
Arthur Jensen’s famous piece on the herit- 
ability of IQ and on black-white differ- 
ences in average IQ focused on three ques- 
tions: are blacks on average less well 
endowed genetically with cognitive skills? 
Can various changes in the environment 
such as more or better schooling be ex- 
pected to change the IQ of blacks or whites? 
And should the government try to override 
nature’s dictates and institute policy 
changes to alter an individual’s or a group’s 
average IQ? 

To try to answer these questions, Jensen 
and others in part relied on studies of twins 
in which it is possible to obtain estimates of 
a’oz and b?a¥. It is shown in the Appendix 
that such information does not allow us to 
answer the first two questions which require 
in part an estimate of b, the coefficient on 
environment in equation (1). The third 
question involves a value judgment. It is 
possible that the results obtained from twin 
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studies may affect a person’s values but 
there is nothing in the results which de- 
mands that nature’s dictates should not be 
overturned. 

While there are many interesting ques- 
tions in the income distribution whose 
answer depends upon the size of b,-there 
are others that depend upon the size of 
a’oz, and b’a3,. These questions arise be- 
cause many economists are interested in 
why inequality occurs and why and how in- 
equality changes. The variance is an oft 
used measure of inequality. My variance 
decomposition indicates the broad source 
of inequality and provides empirical esti- 
mates of the coefficients in the model 
Becker reprints from his earlier Woytinsky 
Lecture, 

The estimates derived are also related to 
an important policy issue which is not dis- 
cussed in my 1976 paper but which I wish to 
discuss here. I concluded my 1976 piece, by 
observing that “Transfer and other pro- 
grams can be used to achieve greater equal- 
ity of outcome whether the source of the 
inequality is genetic, family or other en- 
vironment” (p. 869-70). The standard 
economic analysis of income redistribution 
schemes is couched in terms of both equity 
and economic efficiency. However, as Ar- 
thur Okun and others have noted, if there 
are capital or other market imperfections, 
the initial free market solution will be 
inefficient and it is possible both to re- 
distribute income and to increase economic 
efficiency. Okun then concludes that while 
there is no evidence on the extent to which 
inequality of outcome arises because of in- 
equality of opportunity, he believes the 
latter inequality is very important. Hence, 
he hopes that much income redistribution 
can take place with no loss and perhaps a 
gain in efficiency.' 

Data on twins can be used to estimate the 
contribution of inequality of opportunity, 
defined more rigorously below, to inequal- 
ity of outcome and to the general policy is- 
sue discussed by Okun. To do this let us as- 
sume that all investments in human capital 


1See his discussion beginning on p. 83. 
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are made by parents for their children. 
Following Becker, assume that because of 
capital market imperfections the interest 
rates charged on investments in human 
capital are a function of family income. 
More generally it is assumed that parents 
maximize a multiperiod utility function in 
which each child’s income is an argument. 
Among the constraints in the maximization 
problem is a production function which in- 
dicates how genetic endowments and invest- 
ment in human capital combine to produce 
skill or earnings capacity. The demand 
function for investment in human capital 
will depend on prices (P), the interest rate 
(i), family income (Yp), tastes (T), and 
genetic endowments (G). (See Becker.) 


(3) I = F(P,i, Yr, T,G) 


Suppose we were to express equation (3) 
as a linear function and to assume that in 
equation (1) N = rl + u where r is the re- 
turn on investment and u is a random error 
that measures the difference between ex 
ante expectations and ex post realizations. 
Substituting this linear equation into (1) 
and expressing r times the linear coef- 
ficients in (3) as new parameters, we have 


(4) Y = aG + b(cP + di + eYr 
+ fT + mG +u) 


We can collect terms and write 


(5) Y = (a+ m)G + beP + bdi 
+ beYp + bfT + v 


where v = bu. 

In our models we label (a + m)*o2, as the 
genetic contribution, [b(cP + di + eYp + 
ST]? as the contribution of family or com- 
mon environment, and oe? as the contribu- 
tion of noncommon environment. It is 
worth emphasizing that in doing so we are 
counting m, the effect of G on investment in 
human capital, as attributable to genetic 
endowments. In the section on statistical 


2Since we are using a utility-maximization approach, 
the same arguments will apply if the children make the 
decisions but parents provide resources. 
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methodology I argue that this treatment is 
appropriate for some but not all questions 
of interest. 

I define inequality of opportunity as aris- 
ing when decision makers face different sets 
of prices, interest rates, family income, and 
(when parents are the decision makers for 
the child’s investments) parental tastes. 
Other economists such as Becker, Howard 
Bowen, Okun, and R. H. Tawney define in- 
equality of opportunity similarly.? I assume 
that for childhood investments, twins reared 
together face the same P, i, and Yp. Parents 
may prefer one sib to the other, however, a 
test performed in Jere Behrman, the author, 
and Terence Wales does not reject the null 
hypothesis that T does not vary within a 
family.4 However P, i, Yp and T can vary 
across families and this cross-family varia- 
tion is the source of inequality of oppor- 
tunity. 

Using the National Academy of Science- 
National Research Council (NAS-NRC) 
Twin Sample and a more elaborate model 
than that in my 1976 paper, I estimate (1978) 
that inequality of opportunity accounts for 
less than 20 percent of the inequality of out- 
come among white males. While eliminating 
20 percent of inequality of earnings is not 
trivial, the remaining inequality in earnings 
is large. Thus those interested in fostering 
greater equality in the income distribution 
will not be able to rely solely on policies to 
reduce inequality of opportunity and will 
have to face up to the tradeoff issue. Of 
course, my particular numerical estimate 
from one sample may be biased for a variety 
of reasons, some of which are discussed in 
my 1978 paper. But I submit that twin data 
can be used to examine an important policy 
related issue which has not been studied 
previously. There still remains the issue of 
the best statistical methodology to use. 


3John Brittain broadens the definition of inequality 
of opportunity to include differences arising from 
genetic endowments. I dislike his definition, since it 
does not let us distinguish between redistribution 
schemes which improve or worsen economic efficiency. 

4Since the null hypothesis tested is whether (Yp + T) 
varies within families, we allow for the possibility that 
the twins’ rather than the parents’ income determines 
investments. 
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I. Statistical Methodology 


In his comment Goldberger examines my 
statistical methodology and the sensitivit: 
of my 1976 estimates to changes in specifi 
cation of the model and in the data. Man: 
of the issues he examines arise because thi 
model presented in that piece was under 
identified even after making some strong as 
sumptions which I consider reasonable. We 
can identify the parameters in the model b) 
imbedding equation (1) into a latent variablı 
framework.’ Within such a framework, wi 
estimate that genetic endowments and com 
mon environment account for 45 and 1 
percent, respectively, of the variance of thi 
In of 1973 earnings of the white males in ou 
sample. Within the latent variable frame 
work, we can estimate several of the param 
eters to which I assigned values in my 1971 
article. However even in the latent variabli 
framework, we continue to assume that th: 
expected value of the cross-twin correlatio1 
in the unobserved environment (defined be 
low) is the same for identical and fraterna 
twins. Since I show below that it is possible 
to make the estimate of the contribution o 
genetic endowments equal to zero by as 
suming a large enough difference in thes: 
cross-twin environmental correlations, 
will pay particular attention to this assump 
tion. While many of the other issues raisec 
by Goldberger do not apply to the laten 
variable model or to the estimate of the 
contribution of genetic endowments anc 
common environment derived from tha’ 
framework, I will also consider these issue: 
since other researchers may not be able tc 
employ a latent variable model. 

Because we will be concerned with thi 
contribution of N and G to the variance o 
Y, we can simplify notation by normalizing 
both a and b in equation (1) to 1. Equatio 
(1) applies to an individual. The same equa 
tion—with a and b already normalized tı 
1—also holds for his brother whom we car 
denote by a prime: 


5A latent variable is an unobserved variable that i 
related to two or more observed variables. For an ex 
cellent presentation, see Goldberger (1973). 
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ws Y; = G+ N! 


After ordering the twins by their family 
number, we can calculate cross-twin co- 
variances, øo yy, and correlations, oyy/oyo'y, 
as we would calculate covariances and cor- 
relations of any two variables. We can also 
əxpress these covariances and correlations 
n terms of the expected values of the un- 
dbserved variables as 


ifo Li I t + t 
2') Oyy = OGG + Onn + 20Gn 


Equation (2') applies to any covariance 
calculated across individuals. As it stands 
2quation (2') does not help us because it 
contains 3 unknowns not in equation (2) 
and only one new observed statistic. My 
1976 piece and the latent variable model ob- 
‘ain estimates of parameters by using data 
on twins and by making certain assump- 
tions, 

As noted earlier, Goldberger questions 
my assumption that the expected value of 
‘he cross-twin correlation is the same for 
dentical and fraternal twins. Since this as- 
sumption is also made in the latent variable 
nodel, it is important to consider it in some 
detail. To help clarify this issue let me 
‘emporarily add as an additional assump- 
tion that ogy = ogy = 0. Then denoting 
dentical twins by an asterisk, we can de- 
‘ive the following equations for individuals, 
dentical and fraternal twins: 


6) Individuals: o% = o% + s4 
7) Identical twins: oy = ob + ONN 


8) Fraternal twins: oyy = OGg + Onw 


‘n equation (7) we make use of the fact that 
3* = G. If there is no assortive mating and 
f all genetic effects are additive, for fra- 
ernal twins ogg = 1/2 o%.° Even with this 
added restriction, equations (6)-(8) form a 
three-equation system with four unknowns 
‘Th, 0%, C$, dy). One way to close this 
system is to assume as in my 1976 piece and 
as in Behrman, Taubman, and Wales that 
TWN = Oyy. Notice that if we set ogg = 1/2 
r4 and subtract (8) from (7) we have 


In our latent variable model we estimate egg A 
:0 be .34. 
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(9) ofr- oy = 1/206 + (hw — oyy) 


By assuming that oy — o'yy iS zero, we can 
estimate o2 as 2(a%y — o'y). But it is also 
true that if it is assumed that (o $y — oy) = 
(o*y — oyy), then the estimated value of o} 
would be zero. A similar condition holds in 
the latent variable framework. 

Thus the issue is whether it is reasonable 
to assume that ey =o'yy. I believe the 
answer depends upon the question the re- 
searcher wishes to examine. Consider the 
following two questions: 1) How much 
would inequality be reduced if the skill pro- 
duction function were the same for all in- 
dividuals and if all parents had the same 
utility function, faced the same prices, and 
could borrow unlimited funds at the same 
rate? 2) How much would inequality be re- 
duced if all children were treated exactly 
alike? I believe that the first question is the 
one asked by most economists who write 
about equality of opportunity, But even if 
prices, tastes, and skill production functions 
were the same, parents would invest dif- 
ferently in each child if, as in equation (3), 
optimal investment in human capital de- 
pends on each child’s genetic endowments, 
Thus it is also possible to ask the second 
question. 

I pointed out earlier that in my frame- 
work, any effect of G on investment in hu- 
man capital is counted as being attributable 
to genetic endowments. But as shown in 
equation (5), only the common price, family 
income, and taste terms enter into the cate- 
gory which I label environment. Thus my 
results can be used to answer the first ques- 
tion, but can only be used to answer the 
second question in the unlikely event that 
investments in human capital are not de- 
pendent on genetic endowments. 

There can be other questions in eco- 
nomics whose answers depend on the size of 
o%/o%. Whether or not data on twins can 
be used to answer these questions will de- 
pend on whether it is appropriate to use the 
reduced form models which attribute to G 
that part of the environment chosen be- 
cause of G. A case by case examination will 
be required. 

Now let us turn to those points of Gold- 
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berger’s that are applicable to my 1976 
piece but not to the latent variable model. 
Since the system J used was underidentified, 
having four parameters (o2, o4, oy, and 
agn) and three observed statistics, I ob- 
tained my estimates by assigning values that 
spanned the feasible set of one parameter 
and estimated the other three parameters 
conditional on each such assigned value. 
Further I imposed the constraint that the 
three estimated parameters had to lie within 
their own feasible set. Goldberger demon- 
strates that there is another restriction in 
the system which I overlooked and which 
will limit further the feasible set of esti- 
mated parameters. This is an interesting 
and correct piece of analysis. 

Goldberger also criticizes me for assum- 
ing that the specific environment of one 
fraternal twin is uncorrelated with his 
sib’s genetic endowments. He considers 
four different behavioral models, none of 
which generate this ad hoc assumption. 
With the advantage of hindsight and sub- 
sequent research, I would now proceed 
somewhat differently. As noted before, we 
label or count that part of environment that 
is caused by genetic differences to be at- 
tributable to genetic differences. Since I 
would also assume that within each family 
the prices, interest, income, and tastes that 
enter the investment function are the same 
for both sibs, I would now opt for the 
model that says that specific environment is 
uncorrelated with one own’s and one sib’s 
genotype. This assumption would yield dif- 
ferent estimates than the ones I presented. 
Let me add that while I agree that the use 
of well-specified models helps refine the esti- 
mates, I don’t think it is inappropriate to 
use ad hoc assumptions when there are com- 
peting models. 

Finally Goldberger considers how sensi- 
tive my results are to changes in the esti- 
mated cross-sib correlations. He shows that 
a combination of a ten point increase and a 
ten point decrease in the correlations for 
identical and fraternal twins, respectively, 
will cause major jumps in the estimated 
parameters. Now since in my sample the 
estimated standard errors are about .02, it is 
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very unlikely that both of the estimatec 
cross-twin correlations will differ from thei 
true value by .1 because of sampling vari 
ability. Of course, the twins who respondec 
may not be a random subset of the popula 
tion. We can never rule out the possibilit: 
that a bias of such a magnitude will aris 
either because of the pattern of nonre 
sponses or because of the design of thi 
sample. It is, of course, true that sampli 
design or nonresponses can cause a sampl 
to be atypical and to yield biased estimates 
To minimize the effects of biased sample 
it is standard practice to rely on replicatio: 
in other samples. I welcome such research. 

The particular estimates generated by th 
technique used in my 1976 piece are sensi 
tive to certain assumptions. However rathe 
than determining what are the best set o 
assumptions to use in that framework, 
prefer to use the estimates derived from th 
latent variable model which resolves man 
of these difficulties. These are that 45 an 
12 percent of the variance of /n earnings ar 
attributable to genetics and family enviror 
ment, respectively. If these results stand u 
under replication, I would also conclud 
that the most thoroughgoing equality o 
opportunity policy would have little impac 
on equality of outcomes for white male: 
Regardless of its source, the remaining ir 
equality could be reduced by transfer prc 
grams or by subsidizing training program: 
at a cost of a loss in economic efficiency. 


APPENDIX 


In this Appendix I demonstrate why est 
mates on the relative size of the contribt 
tion of genotype and environment to th 
variance of earnings or any other variable 
not informative about either the averag 
genotype or environment of various grouy 
or the size of b, the slope coefficient of . 
in equation (1) in the text. 

Since earnings are observed, we can í 
course calculate its mean and variance, an 
can express these two observed statistics | 
terms of their expected values as: 


(Al) Y¥=aG+5N 
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(A2) of} = aoh + b'o, + 2abogy 


Following Goldberger, define h? = a?o2,/ 
oand n? = b*02,/0%. Notice that even if 
we were to set a and b equal to 1, mean 
earnings depends on G and WN while the 
variance of earnings depend on the variance 
and covariance of G and N. It is not difficult 
to envisage Ñ exceeding G but c% exceeding 
c% . Thus knowledge of h? is not informative 
of G/Y. 

The difference in average earnings between 
any two groups B and W is 


(A3) Yy = Y, = a(Gy = Gz) 
+ b(Nwy — Nz) 


The observed differences in average earn- 
ings can be attributed to infinite combina- 
tions of differences in G or N. Since h? 
doesn’t tell us anything about G/Y, we can- 
noi learn the reasons for (12) being nonzero 
from data on twins. 

Now let us examine why estimates of h? 
that are “large” do not indicate whether or 
not changes in environment will alter earn- 
ings. To do so it is useful to introduce “reac- 
tion” functions. Suppose first that genes 
come only in two varieties, C and D. Now 
let us separate people by this type. For 
people with each type of gene we can calcu- 
late earnings for each value of N. The dis- 
tribution of the phenotype for each gene is 
the reaction function. For simplicity the 
reaction functions for the C and D gene, 
given in Figure 1, are specified to have a 
constant slope of b as in equation (1) in the 
text. 

Now suppose that we could actually as- 
sign values of N to individuals. Let N be 
distributed uniformly between N, and N, 
with equal numbers of C’s and D’s at each 
N. Then the variance of N will depend 
upon both the length of N, — N, and the 
size of b. Given a uniform distribution 
along N the variance of G depends on the 
vertical distance between C and D. Since C 
and D are assumed everywhere parallel, the 
relative size of k? and n? depend on the 
range of environmental variation. That is, 


Te gy is thus zero. 
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FIGURE 1. Two HYPOTHETICAL 
REACTION FUNCTIONS 


the relative contribution of N to o% will be 
greater if the environment is uniformly dis- 
tributed over N,-N. It may not be as ob- 
vious, but Figure 1 also demonstrates than 
an estimate of oå or ø} is not informative as 
to whether a change in environment will 
have large or small effects on earnings. 
Consider for example a new situation in 
which the units of N remain unchanged, the 
slope of the two reaction functions are 
doubled, but the range of the environment 
is reduced so that the environmental vari- 
ance b? o% remains unchanged. By both ro- 
tating the reaction functions and simul- 
taneously narrowing the environmental 
bounds, we leave both o3,/o} and 02/07 
unchanged. But from equation (1), we know 
that the effect of a change in N on Y is given 
by the slope of the reaction function which 
is greater in the new situation. In practice 
since we don’t observe the reaction func- 
tions, we can only estimate the combined 
term 570% and cannot estimate b. 
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Income Transfers as a Public Good: Comment 


By LAWRENCE SOUTHWICK, JR.* 


In an article recently published in this 
Review, Larry Orr develops a model of 
demand for welfare recipients. He assumes 
that transfer income to welfare recipients 
confers a benefit upon taxpayers. From 
this, he derives the conclusion that the price 
(the federal matching rate), the incomes of 
taxpayers, and the number of recipients will 
be determinants of the level of transfers 
made. 

Following his theory section, Orr esti- 
mates a regression equation with the aver- 
age monthly Aid to Families with Depen- 
dent Children (AFDC) payment as the 
dependent variable. He finds that per capita 
income is positively related to the depen- 
dent variable, the proportion of the popu- 
lation receiving aid is negatively related to 
the dependent variable, the number of 
recipients is positively related to the depen- 
dent variable, there is a negative price effect, 
and the nonwhite proportion of recipients is 
negatively related to the dependent variable. 
Orr then concludes that the empirical esti- 
mates are “‘remarkably consistent with the 
public good model of income redistribu- 
tion” (p. 369-70). 

While one might well believe in the exis- 
tence of a demand function for welfare 
recipients by taxpayers, it is by no means 
necessary that welfare recipients be a public 
good. In fact, as will be shown below, a 
more comprehensive empirical examination 
of the question tends to cast doubt on the 
public good characterization. 

The major omission by Orr in his estima- 
tion of a demand function for welfare re- 
cipients lies in the likelihood of the exis- 
tence of a supply function as well. If the 
public has a demand for welfare recipients, 
it is also true that there is a supply of wel- 
fare recipients forthcoming. 


*State University of New York-Buffalo. Larry Orr 
very kindly provided me with his data. I am also in- 
debted to Brian Ratchford for his suggestions. All 
remaining errors are my responsibility. 
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If the supply of welfare recipients is a 
function of some of the same variables as 
the demand, it follows that a simple estima- 
tion of the demand function will result in 
biased estimates for the coefficients. In or- 
der to check whether Orr’s estimated coeffi- 
cients are correct, it is necessary to specify 
the supply function and to estimate the 
coefficients for both equations in a simul- 
taneous equations framework. 

The demand function estimated by Orr 
takes the average annual AFDC payment 
to a family of four as the dependent vari- 
able. His independent variables include per 
capita income, the recipient/population 
ratio, the total number of AFDC recipients, 
the marginal nonfederal share of the ex- 
pense, the fraction of recipient families 
which are nonwhite, some regional vari- 
ables, and some other variables which 
proved less important. 

On the supply side, I suggest that the de- 
pendent variable is the proportion of the 
population which is receiving AFDC pay- 
ments. This is likely to be influenced by the 
benefit level provided and by the unem- 
ployment rate. Both should have positive 
effects; that is, increases in either the unem- 
ployment rate or the benefit level should 
result in a higher proportion of the popula- 
tion being on welfare. The effect of the 
unemployment rate seems obvious; as it 
rises, welfare becomes a viable alternative 
for more people. The effect of the benefit 
level is twofold. First, as it rises, welfare 
becomes more attractive. Second, a rise in 
the benefit level makes more people eligible 
for welfare benefits. 

Other factors which may affect the sup- 
ply include the income level and the same 
regional factors used by Orr. The income 
level again is related to the relative attrac- 
tiveness of welfare. The regional factors are 
included for the same reason Orr included 
them—to see if there are any systematic 
differences among regions. Finally, the 
proportion of nonwhites is included simply 
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TABLE 1--REGRESSION VARIABLES 


Variable Definition 
Y State Per Capita Monthly Income in 1967 Dollars 
RPOP Number of AFDC Recipients per 10,000 Population 
RCPT Total AFDC Recipients in 1,000’s 
FED Marginal Federal Share of AFDC Payment, as a Percentage 
NWH Nonwhite AFDC Households per 1,000 AFDC Households 
UNEM Number of Unemployed per 1,000 Labor Force 
BEN Average Annual Benefit for a Family of Four in 1967 Dollars 


NE, OS, BS, W 
and West 


to see whether it has an effect in either 
direction. 

The definitions of the variables used are 
given in Table 1. There are some definitions 
which differ slightly from those used by Orr. 
Income Y is on a monthly basis where Orr 
uses an annual basis. The reason for the 
change is to keep all variables in roughly 
the same order of magnitude. The marginal 
state share as a fraction has been replaced 
by the percentage which is the marginal 
federal share, again for magnitude reasons. 
Similarly, the fraction of nonwhite house- 
holds and the recipient/taxpayer ratio have 
been altered for magnitude reasons. 

Of more importance is the fact that the 
variables of total recipients and the recip- 
ient/population ratio are no longer lagged 
by one year. Orr explains his use of lagged 
variables as being “in recognition of the 
likelihood that it takes states some time to 
adjust to changes in these variables” 
(p. 365). Of course, if lagged variables are 
appropriate, the simultaneous equations 
problem would vanish (to be replaced by a 
cobweb model). However, policies set by 
states should be presumed to be in anticipa- 
tion of the likely consequences (a standard 
legal presumption). Thus, the state actions 
are simultaneous with the recipient actions. 

Further, the conditions within individual 
states, both of recipient/population ratios 
and of benefit levels, are persistent over 
time. This tends to confirm the hypothesis 
that the states know what they are doing 
and do it with intent. It also confirms the 
simultaneity of the supply and demand 
functions. 


Dummy Variables for Northeast, Old South, Border States, 


The demand relationship estimated by 
Orr is given by the equation: 


(1) BEN = a,+ a,Y + a,RPOP 
+ a,RCPT + a,FED 
+a;NWH + a,NE + a,W 
+ a,OS + a,BS + e 


The supply function which I posit has the 
form: 


- (2) RPOP = by + bY + b,BEN 


+ b,UNEM + b,NE + bW 
+ bOS + b,BS 
+ bNWH +e 


Due to the simultaneous equations prob- 
lem, the reduced form must be estimated 
first. As pointed out by Orr, FED depends 
on Y and BEN. Consequently, the general 
reduced form includes three equations. In 
these, BEN, RPOP, and FED are deter- 
mined as functions of all the other variables 
in the system. . 

The second-stage regression then uses the 
first-stage estimated values for these vari- 
ables where they appear as independent 
variables in the structural equations (1) and 
(2). The restated results of Orr’s equations 
(3) and (4) are shown in columns (1) and 
(2) of Table 2. The results of the two-stage 
estimation process for the demand function 
are given in columns (3) and (4) of Table 2. 
The estimates for the supply function will be 
presented and discussed later. It should be 
noted that the two-stage procedure used 
here is for the purpose of distinguishing be- 
tween the supply and demand functions 
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TABLE 2—ESTIMATED REGRESSION COEFFICIENTS AND I-STATISTICS WITH 


BEN as DEPENDENT VARIABLE-DEMAND FUNCTION 


~ Columns (3) and (4) 
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Two-Stage 
from Orr, Table 2° System Estimates 
1963-67 1968-72 1963-67 1968-72 
(1) (2) (3) (4) 
Constant 725. ~9. 2361, 1446. 
Y 5.16 7.68 —.95 3.31 
(1.15) (11.47) (-.17) (.46) 
RPOP? —.955 —.691 1.860 1.891 
(—4.12) (3.81) (1.14) (.53) 
RCPT .38 .25 .64 —.20 
, (2.05) (2.34) (.71) (—.58) 
FED 4.55 6.72 —33.19 - 14.39 
(4.34) (9.20) (—.93) (~.34) 
NWH —.367 — 419 — 497 — 1.064 
(—4.00) (—3.52) (—4.08) (—.89) 
NE 81. 148. 213. 107. 
(1.57) (2.32) (.96) (1.26) 
Ww 22. — 102, ~181. —446. 
(.48) (-1.81) (1.82) (—.84) 
Os —685. —690. 1079. —261,. 
(8.47) (+8.22) (.60) (~.29) 
BS —137, — 248. 148. —867. 
(—2.08 (—3.19) (.23) (1.09) 
r2 13 78 68 70 


aOrr’s constant and coefficients adjusted to be consistent with my variable defini- 


tions. ` 
bIn columns (3) and (4), RPOP. 


while the two-stage procedure used by Orr 
was intended to eliminate simultaneity of 
demand with the federal matching formula. 

In comparing. the results for the demand 
function with those found by Orr, consider 
first the coefficient for RCPT. The positive 
results Orr found constitute the major jus- 
tification for calling AFDC a public good; 
the larger the number of recipients, the 
more benefit an individual taxpayer would 
receive. From the coefficients in columns (3) 
and (4), it can be seen that there is no longer 
a significant positive effect. Thus it cannot 
be said that AFDC is a public good (or a 
public bad, for that matter, since there is no 
significant negative effect either). 

Orr found a major positive income effect 
with benefits rising as per capita income 
rises. This could indicate a desire on the 
part of the public to share their income 
gains with the welfare recipients. However, 
this effect is not evident from columns (3) 
and (4). 


The negative relation between the price 
(benefit level) and the quantity (recipient/ 
population ratio) was further evidence for 
Orr of the existence of the demand rela- 
tionship. However, the coefficients for 
RPOP in columns (3) and (4) are positive, 
although not significantly so. It might be 
conjectured that a large ratio of recipients 
to taxpayers constitutes an effective lobby 
with the state government. In any case, the 
demand curve would seem to be quite in- 
elastic. i 

The effect of the marginal federal subsidy 
rate is insignificant, although apparently 
negative, rather than the significant posi- 
tive effect found by Orr. This is probably 
because the two-stage procedure used here 
does not adequately account for the impact 
of the benefit level on the subsidy rate. 

The racial discrimination found by Orr 
is also evident in the coefficients for NWH 
in columns (3) and (4), although the latter 
is not significant. It appears probable that 
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taxpayers are more willing to subsidize 
white AFDC recipients than they are non- 
white recipients. 

The regional differences. found by Orr ap- 
pear no longer evident. He found that the 
Border States (BS) and Old South (OS) 
paid lower benefits. However, in columns 
(3) and (4), these coefficients are no longer 
significant. It will later be shown that these 
differences appear in the supply function 
instead. 

Thus far, it appears that my results are 
largely negative. The results found by Orr 
are found not to exist in the demand func- 
tion. However, as we examine the supply 
function, some interesting and significant 
results appear. The supply function results 
are presented in Table 3 where the recip- 
ient/population ratio is the dependent vari- 
able. 

First, note the impact of the benefit level, 
BEN. There is a very strong positive effect 
in both time periods. In the earlier period, 
a $1,000 increase in the average annual 
benefit would cause an increase of 1,887 


persons per 10,000 population to be on. 


AFDC. In the later period, this effect in- 
creased to 2,960 persons. The elasticity in 
the earlier period was 15.1 and in the later 


TABLE 3-~ESTIMATED REGRESSION COEFFICIENTS 
AND ¢-STATISTICS WITH RPOP as 
DEPENDENT VARIABLE-SUPPLY FUNCTION 





1963-67 1968-72 
(5) (6) 
Constant — 1537. —708. 

—7.67 —17.16 

(—8.68) (—8.05) 
BEN 1.887 2.960 
(8.79) (8.43) 

UNEMP —.58 —3.39 
(~1.15) (-—3.46) 

NWH 86 1.88 
(8.67) (8.56) 

NE —42.82 —365.77 
(-2.53) (-6.39) 

Ww 224.48 773.82 

(8.03) (8.25 

OS 1107.31 1606.07 
(8.87) (8.86) 

BS 753.63 1569.44 
(10.59) (9.36) 

r2 48 49 
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period, 14.9. The effect is probably due to 
easier eligibility and to migration as well as 
the greater attractiveness of higher benefits. 

The effect of income Y is strongly nega- 
tive. The higher the income level, the less 
attractive a particular level of benefits will 
be to potential recipients. Further, a higher 
income level will reduce the number of 
people eligible to receive benefits. The curve 
became more income elastic, shifting from 
—10.2 in 1963-67 to —15.8 in 1968-72. 

The effect of the unemployment level is 
not significant in the earlier period and is 
negative in 1968-72 with an elasticity of 
—.45. This is contrary to expectations which 
indicate that there should be a positive 
relationship. It may be that this is a spu- 
rious effect since most AFDC families are 
single parent and are unlikely to work 
whatever the unemployment rate. 

The proportion of nonwhite households 
seems to be strongly related to the propor- 
tion of the population receiving AFDC 
benefits. The elasticity rose from 1.78 in 
1963-67 to 2.45 in 1968-72. A 10 percent 
increase in the percentage of nonwhite 
recipient households (averaging 43 percent 
in the earlier years and 46 percent in the 
later years) will be accompanied by an 
18-25 percent increase in the proportion of 
the population receiving AFDC. 

The earlier result of a negative effect of 
nonwhite households on the benefit level 
may be a perfectly rational demand re- 
sponse to this supply effect. Since a greater 
proportion of nonwhite households results 
in a greater supply of welfare recipients and 
thus a greater total cost for any particular 
benefit level, a reduced benefit level may be 
the only way to keep the total cost within 
what is felt to be affordable. 

In the 1963-67 period, the demand elas- 
ticity (benefits with respect to nonwhite 
households) was —.13. The elasticity of sup- 
ply (quantity with respect to nonwhite 
households) was +.18. A 10 percent in- 
crease in the nonwhite household propor- 
tion would be accompanied by an 18 per- 
cent increase in the proportion of the 
population on AFDC and a 13 percent 
decrease in benefit levels. The latter, of 
course, would further reduce the supply and 
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he outcome would be a cost which is in line 
with what can be afforded. In the 1968-72 
yeriod, the comparable elasticities were 
—.18 and +.25. Again, this suggests that 
tis cost rather than race prejudice which is 
at work here. 

With regard to the regional differences, a 
similar explanation may obtain. The supply 
‘unction shows that the Northeastern states 
iave a lower supply of welfare recipients 
han other parts of the country while the 
West has a somewhat higher supply and the 
Border States and Old South have a sub- 
stantially higher supply. All of these results 
are highly significant during both time 
deriods. 

It may well be that the Border States and 
Jd South states respond to this higher sup- 
aly by setting lower benefit levels. Since 
these states tend to be poorer, this would 
seem to be logical on the grounds of afford- 
ability. These results suggest that the Bor- 
der States and Old South are simply re- 
sponding to the greater supply they face 
along with resultant higher costs by a per- 
fectly rational lowering of benefit levels. 
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In conclusion, it would appear that many 
of Orr’s conclusions are reduced in sig- 
nificance and others are given reasonable 
explanations when the interaction of supply 
with demand is taken into account. In terms 
of significance, the supply function vari- 
ables seem to be much better in explaining 
the observed phenomena than the demand 
function. Orr has made an interesting first 
step. This comment represents an enlarge- 
ment of the system to include a supply 
function. I do not pretend that it is fully 
descriptive. Rather, the supply and demand 
processes for welfare recipients are far more 
complex than the descriptions given in 
either this comment or in Orr’s paper. 
Hopefully, an enlarged system of equations 
can be developed to better describe the in- 
teractions within the system and from 
which policy conclusions can be drawn. 
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Income Transfers as a Public Good: Comment 


By BRADLEY R. SCHILLER* 


In the June 1976 issue of this Review, 
Larry Orr provided a theoretical framework 
for ascertaining the optimum level of trans- 
fer payments. Building on the foundations 
of the theory of public goods, he demon- 
strates that the optimum level of such trans- 
fers is a unique function of the (diminishing) 
marginal utility to taxpayers of improved 
income support for the poor and the (in- 
creasing) marginal cost to taxpayers of 
larger transfer payments. A unique feature 
of Orr’s approach is his recognition of dif- 
ferences among individuals (taxpayers and 
recipients alike) in their perceived marginal 
utilities and costs and his resolution of such 
differences by simple majority rule. Thus, 
the optimum level of transfer payments 
emerges from his model as a unique mani- 
festation of both democratic and economic 
principles, 

Orr utilizes this theoretical framework to 
rationalize the disparity in welfare benefits 
available in the different states. The focus of 
his empirical application is on the Aid to 
Families with Dependent Children (AFDC) 
program, for the years 1963-67 and 1968-72. 
In seeking to apply his theoretical frame- 
work, Orr must of course identify empirical 
approximations for his basic arguments. In 
so doing, I believe he has obscured a critical 
distinction between racism and classism, 
and exaggerated the significance of racial 
prejudices for transfer policy.! Although 
this in no way detracts from the complete- 
ness of his model, it is an issue of sufficient 
concern to merit some further considera- 
tion. 


I. The Utility Function 


As noted above, the optimum level of 
transfers in Orr’s model depends in part on 


* American University. I wish to thank Larry Orr for 
his uncommonly generous offer to provide the data 
and programming from his original study, and Jane 
Lee for programming. 

'The distinctive effects of racism and classism on 
welfare recipients were examined by the author (1971). 


the marginal utility taxpayers derive fron 
such transfers, It is assumed that the itl 
taxpayer has a utility function U; of th 


form 


U; = UXY;, Y;) 


where Y; is the after-tax income of the itl 
taxpayer, and Y; is the vector of after 
transfer incomes of recipients. It is furthe 
assumed that all recipients receive the sam 
transfer benefit. 

The empirical problem, of course, is t 
identify empirical proxies for the argument 
of U;. In this regard, Orr observes that th 
level of 0U,/0Y, (and therewith optimun 
benefit levels) will be positively related tı 
both 1) general taxpayer attitudes toward 
welfare (i.e., “altruistic tastes on the part o 
taxpayers”) and 2) taxpayer attitude 
toward specific subpopulations of recipients 
Orr provides no empirical counterparts fo 
1) but does argue that “the racial composi 
tion of the caseload [is] ... the most impor 
tant characteristic upon which taxpayer 
might discriminate among recipients” (p 
365), and thus that racial composition o 
the recipient population can be used as a! 
empirical measure of 2). In sum, interstat 
differences in AFDC benefit levels will re 
flect in part racial prejudices. 


IL. Interpretation Problems 


There are two major problems with Orr’ 
approach. On a pragmatic level, taxpayin, 
whites cannot exercise their racial prejudice 
without inflicting harm on white recipients 
particularly since all recipients in a stat 
are assumed to receive the same benefit. O: 
a more theoretical level, the absence of 
measure of general attitudes towards wel 
fare suggests that undue significance ma 
be accorded to racial attitudes. In othe 
words, classism may be disguised as racisr 
in Orr’s estimation procedure. In viev 
of the fact that the large coefficients o1 
the race variable lead Orr to conclud 
that “...rather substantial discriminatio: 
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against nonwhite recipients on the part of 
(predominantly white) taxpayers” (p. 368- 
69}, exists, this possibility is worth ex- 
ploring. 


III. General Attitudes Towards Welfare 


In order to assess the extent to which Orr’s 
measure of racial phenomena is inflated by 
general attitudes toward welfare, we need a 
direct measure of such attitudes. For this 
purpose I have chosen to use each state’s 
decision on whether or not to make AFDC 
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benefits available to families headed by 
incapacitated males, typically unemployed 
fathers. This option (AFDCU) was created 
by the 1961 Social Security Act Amend- 
ments and elected by the states in sub- 
sequent years. Because ability to work is so 
often regarded as the primary determinant 
of “deservingness,”* the decision to adopt 
or reject the AFDCU program option may 
be regarded as an empirical expression of a 
state’s general attitude towards welfare. The 


2See the author (1976, chs. 1, 3, 8, and 12). 


TABLE 1—REGRESSION COEFFICIENTS, BY AFDCU AND Non-AFDCU STRATA 


1963-67 1968-72 
Non-AFDCU AFDCU Non-AFDCU AFDCU 
Orr States States Orr States States 
() (la) (1b) (2) (2a) (2b) 
Constant 1054. 592 1880. 677. —573, 1728. 
Y 42 22 62 63 65 69 
(6.95) (0.12) (7.01) (9.59) (4.44) (7.33) 
RPOP 8531. ~ 17220. —8369. 6521, — 3454, ~9964. 
(3.46) (2.49) (1.96) (2.59) (0.79) (2.56) 
RCPT 38 3.57 13 24 A9 26 
x (2.06) (2.64) (0.59) (2.06) (0.74) (1.85) 
MP —466. -24l —347. -655. —649. —756. 
(4.25) (1.30) (1.41) (7.14) (4.46) `(3.98) 
Ê 40 15 —85. 09 46 —.50 
(1.11) (2.69) (1.01) (0.33) (1.26) (0.92) 
NWH —308. 229. —753. —391. —242. — 665. 
(2.91) (0.86) (4.73) (2.53) (0.86) (2.97) 
NE 96. 364. ~23. 143. —123. 266. 
(1.81) (2.64) (0.31) (2.07) (0.80) (3.22) 
wW 18. 114. —24, —99. —158. —87, 
(0.40) (0.88) (0.38) (1.66) (1.16) (1.10) 
os — 568. ~ 565. s —664. ~617. - 
(4.28) (3.08) (5.71) (3.60) 
BS — 144, 65. ~277, —249. -75. -271. 
(2.18) (0.41) (3.07) (3.06) (0.46) (2.44) 
T — 148. -11. =14. -27. 143. —110. 
(2.04) (0.10) (0.13) (0.13) (0.48) (0.39) 
TSQ 16. —4. 4, 1. —10. 8. 
(1.75) (0.26) (0.31) (0.12) (0.58) (0.50) 
R? 73 .80 52 78 77 71 
N 255. 120. 135. 255 120. 135 


Notes: t-values in parentheses, 
Y: State per capita income in 1967 dollars. 


RPOP: Ratio of total AFDC recipients to state civilian population, lagged one year. 


RCPT: Total AFDC recipients in 1,000’s, lagged one year. 


MP- Marginal state share of AFDC payments, as a fraction. 

F; Federal share of average annual AFDC payment to family of four in 1967 dollars. 
NWH: Fraction of AFDC families headed by nonwhites (multiplied by 1,000). 

NE, W, OS, BS: Dummy variables for Northeast, West, Old South, and Border States. 


T: Time, in calendar years (1962 = 1). 
TSQ: T? 
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twenty-eight states that have adopted this 
option may then be viewed as significantly 
more “altruistic” than the rest, and there- 
fore likely to have higher 0U;,/dY, for any 
given racial composition. The question ad- 
dressed here is whether or not racial factors 
continue to be as significant once this dif- 
ference in general welfare attitudes is recog- 
nized. 

To test the sensitivity of Orr’s conclusion 
to this distinction I stratified his sample into 
AFDCU and non-AFDCU states and re- 
estimated his regressions.? Table 1 sum- 
marizes the results of this effort for Orr’s 
original regressions (1) and (2) (other re- 
sults were comparable). Column (1) de- 
picts Orr’s original 1963-67 coefficients for 
the entire sample of states; columns (la) 
and (1b) contain the coefficients estimated 
for the two subsamples of non-AFDCU and 
AFDCU states, respectively; columns (2), 
(2a), and (2b) are analogous for the period 
1968-72. 

Because our primary focus here is on the 
interaction between racial and class atti- 
tudes, I will not discuss any coefficients ex- 
cept NWH, the fraction of AFDC families 
headed by nonwhites. Nevertheless readers 
may want to note important variations in 
other coefficients across strata.* With re- 
spect to NWH itself, note that in both the 
1963-67 and 1968-72 periods a higher pro- 
portion of blacks in the recipient popula- 
tion appears to have no significant effect on 


3It may be noted that substantial evidence of 
heteroscedasticity is apparent in the variances of the 
two strata, thus lending initial credence to the hy- 
pothesis tested here. A dummy variable for AFDCU 
states was also introduced into Orr’s equations but did 
not attain statistical significance. 

4Notice in particular that no Old South (OS) states 
offer AFDCU. 
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AFDC benefit levels in the non-AFDCU 
states. In other words, it appears that the 
lower benefits available in most non-A FDCU 
states are not so much a function of racial 
attitudes and proportions as they are a re- 
flection of generally negative perceptions of 
welfare. In the AFDCU states, on the other 
hand, where general “tastes” for welfare are 
more altruistic, racial factors do appear to 
play a significant role. Indeed, racial ef- 
fects, as measured by the coefficient on 
NWH, are so strong in the AFDCU states 
that they seem to have overwhelmed Orr’s 
initial results, for the composite sample. 
Thus, it seems appropriate to conclude that 
although racial attitudes do affect transfer 
policies, general attitudes toward welfare 
are important as well, and. further, that 
failure to distinguish between racism and 
classism may result in distorted policy per- 
ceptions. 


5Whites comprised 51.2 percent of the AFDC case- 
load in the non-AFDCU states in 1962-67 and 49 per- 
cent in the later period. The simple correlation be- 
tween NWH and AFDCU for the entire sample is 
~.20 in 1963-67 and —.25 in 1968-72; the mean values 
(and standard deviations) for NWH are for 1963-67: 
49 (.25) in the non-AFDCU states, 38 (.25) in the 
AFDCU states. For 1968-72: .51 (.27) in the non- 
AFDCU states, and .38 (.24) in the AFDCU states. 
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Income Transfers as a Public Good: Comment 


By HUGH SPALL* 


In a recent article in this Review, Larry 
L. Orr concludes: 


The empirical estimates presented 
here for the AFDC program over the 
ten-year period 1963-72 are remark- 
ably consistent with the public good 
model of income redistribution. ... The 
significance of the recipient/population 
ratio and the absolute number of re- 
cipients is especially noteworthy, since 
these variables are particularly char- 
acteristic of the public good model. 

[p. 369-70] 


Orr’s empirical results are derived from a 
three-step estimation procedure. First, the 
average grant per recipient is estimated 
using all the variables in the model except 
the marginal state matching percentage of 
the AFDC grant. Second, the estimated 
grant from step one is substituted into the 
matching formula used by the state and the 
formula is solved for the marginal state per- 
centage. This is the crucial step in the esti- 
mating procedure. States are allowed the 
choice of two federal matching formulas, 
each of which has different marginal 
matching percentages. This step of the pro- 
cedure takes the choice of formula as given, 
implicitly assuming the choice of formula 
is not influenced by the size of the grant. 
The assumption is critical. If the choice of 
formula is influenced by the size of the 
grant, the marginal percentage estimated at 
this step will be subject to simultaneous 
equation bias and this estimated percen- 
tage is carried forward into the third and 
final step of the estimating procedure. The 
third step involves estimating the average 
grant function with the estimated marginal 
state matching percentage as an explanatory 
variable. 

This comment accomplishes three tasks. 
First, the size of the grant is shown to affect 


*Assistant professor of economics, Central Wash- 
ington University. 
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the choice of matching formula. Second, I 
demonstrate that treating the choice of for- 
mula as exogenous biases the estimated 
regression coefficients when the public 
goods model is estimated with 1963-72 
data. Third, the public goods model is 
reestimated with the choice of matching 
formula incorporated into the estimating 
procedure. 


I 


State governments are allowed the choice 
of two AFDC matching formulas. Under 
the original formula, the state pays one- 
sixth of the first $18 of the average grant per 
recipient, a constant percentage of the next 
$14 of the average grant,' and 100 percent 
of any amount in excess of $32 per recipient. 
Since 1965, states have been allowed to 
choose an alternate matching formula. Un- 
der this formula, called the Medicaid for- 
mula, the state pays a constant percentage 
of the average grant per recipient. No 
ceiling exists on federal participation. The 
implications of both formulas are illustrated 
by Figure 1. 

As Figure | indicates, states can reduce 
their AFDC costs by changing matching 
formulas if the average grant per recipient 
exceeds a certain critical value. This crucial 
value (B,) is defined by: 


(1) B, = (-29 + 14P,)/(P, — 1) 


where P, is the state’s percentage of the 
second $14 of the average grant if the 
original formula is used and P,, is the mar- 
ginal state percentage under the Medicaid 
matching formula. The maximum value of 
P,, is .50. For most states, B, exceeds $32 
per recipient. 

It can now be explained why the use of 
1963-72 data will bias the regression co- 
efficient of the marginal state percentage if 


!The percentage varies among states. 
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FIGURE 1. THE OPTIMUM AFDC MATCHING FORMULA 


formula choice is treated as exogenous. 
Four influences account for the bias. First, 
states were not allowed to choose between 
the two matching formulas until 1965. 
Second, for most states the original for- 
mula was more advantageous than the 
Medicaid formula until the average grant 
per recipient was $35 or more. Third, be- 
tween 1965 and 1972, an upward drift in 
the average grant per recipient caused the 
average grant to exceed B, in most states. 
Fourth, as the average grant per recipient 
exceeded B,, states began changing match- 
ing formulas and the marginal state per- 
centage declined from 1.0 to the lower 
Medicaid percentage. As a result, time- 
series data covering this period will show 
the average grant per recipient rising while 
the marginal state percentage is falling. But 
note the average grant per recipient is causing 
the decline in the marginal state percentage, 
not vice versa. Even if changes in the mar- 
ginal state percentage have no causal re- 
lationship to average grants, the regression 
will impute a relationship between the two. 
Moreover, including time as a variable to 
control for trend will not prevent this dif- 
ficulty. 


H 


If empirical analysis is confined to fiscal 
year 1975, a one-step extension of the 


original procedure is sufficient to remove 
the difficulties presented by the simul- 
taneous relationship between the average 
grant and the choice of matching formula.? 
The ultimate goal is to estimate 


(2) B = Ao + a Y = a,RPOP + a,RCPT 
+ a,MP + asNE + asOS + a,BS 
+a, W +a NWH +e 


where B = the average monthly payment 
per AFDC recipient during 
fiscal year 1975 (scaled up- 
wards by a factor of 48 for pur- 
poses of comparison with the 
original regression) 


2If pre-fiscal year 1975 data are used, Orr’s esti- 
mating technique cannot be corrected by simple one- 
step addition to the estimating procedure. Prior to 
January 1974, the same matching percentages had to 
be used in all categorical assistance programs, not the 
AFDC program alone. The size of the average AFDC 
grant and the number of AFDC recipients would have 
been important determinants because o? the relative 
size of the AFDC program, but they would not have 
been the only determinant. The adoption of the 
Supplemental Security Income (SS/) Program in Janu- 
ary 1974 changed this situation. Since the adoption of 
SSI, the other federally funded assistance programs do 
not affect the choice of AFDC matching formula. Thus 
the simple modification which I suggest will eliminate 
the bias introduced by the original estimating pro- 
cedure, If pre-fiscal year 1975 data are used to estimate 
the model, a one-step extension of the origina! pro- 
cedure will not be sufficient to eliminate the bias. 
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Y = per capita personal income 
RPOP = the ratio of AFDC recipients to 
total state resident population, 
lagged one fiscal year 
total AFDC recipients, in 
thousands, lagged one fiscal 
year 

MP =the marginal state share of 

AFDC payments (a proportion) 
during fiscal year 1975 

NE, OS, BS, and W are dummy variables 
representing the Northeast, 
Old South, Border States, and 
Western States as defined by 
the original article. 


5 
Q 
`y 
N 
li 


NWH = the proportion of families who 
are nonwhite ? 
e = theerror term 


Equation (2) is identical to regression equa- 
tion (4) in the original article. 

A four-step procedure can be used to 
estimate equation (2). First, estimate B 
using B, and all the variables in equation 
(2) except MP. B, is used in estimating B 
because B, is a determinant of the matching 
formula chosen. The elements comprising 
B,are exogenous; hence B, is exogenous. 
Second, compare the estimated value of B 
to B, to see which matching formula is most 
advantageous to the state. Third, solve the 
most advantageous formula for MP.* 
. Fourth, reestimate equation (2) with the 
value of MP determined in the previous 
step serving as an explanatory variable in- 
stead of the observed value of MP. This 
procedure will yield unbiased, although 
inefficient regression coefficients. 


3The method used to compute NWH is identical to 
the method described in the original article. However 
the data base used is slightly different. Advantage was 
taken of the 1973 AFDC study which reported NWH 
for an expanded number of states. Thus fewer states 
required an estimate of NWH based on regional ex- 
trapolations. Where individual state estimates required 
the use of regional extrapolations, use of the 1973 data 
permitted the extrapolations to be based on data 
covering a longer time period. 

4This step must be eliminated in the case of 
Arizona since Arizona was not allowed to choose be- 
tween the two formulas during fiscal year 1975. For 
Arizona, the original matching formula must be solved 
for MP. 
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The results of the estimation are reported 
in Table 1. For comparison purposes, I also 
report the results which occur when fiscal 
year 1975 data are used to estimate the 
equation with the original procedure. Re- 
porting these results allows us to see how 
much of the difference is due to different 
procedures and how much is due to the dif- 
ferent data base. Also reported are the em- 
pirical results from the original article. 
Comparing these results with those for 
fiscal year 1975 allows us to see how well 
the analytical framework in the original 
article can explain more recent data. 

The numbers without parentheses in 
Table 1 are regression coefficients. The 
numbers in parentheses are “‘t-ratios,”> and 
the numbers in italics are elasticity co- 
efficients evaluated at the means. 

An examination of Table 1 raises some 
interesting points. First, the public goods 
model of AFDC does not perform as well 
with fiscal year 1975 data as it does with 
data from earlier time periods. In particu- 
lar, the variables most characteristic of the 
public goods model (RPOP and RCPT) 
have extremely low t-ratios and elasticity 
coefficients which are uncomfortably close 
to zero. These results hold for fiscal year 
1975 regardless of the estimating technique 
used. Second, the regional differences cap- 
tured by the dummy variables appear to 
have diminished. Except for NE, none of 
the regional dummies appear to play a 
significant role. Third, the relationship be- 
tween B and NWH appears to be less im- 
portant than in the original study. 

Although the results for fiscal year 1975 
appear to be at variance with the results 
obtained from data covering prior years, 
strong conclusions should not be drawn on 
the basis of these different results. The 
original study covered a 10-year period and 
the results obtained for fiscal year 1975 may , 
reflect an aberration instead of a permanent 


5The so called t-ratios are not really ¢ distributed. 
The modified estimating procedure used in this article, 
as well as the original estimating procedure, con- 
stitutes two-stage least squares. The 1-ratios are re- 
ported for each variable so relative significance levels 
can be compared. 
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TABLE 1—ESTIMATED REGRESSION COEFFICIENTS 


Equation (4): 
Original Article 
Constant 663 
Y 64 
(11.47) 
117 
RPOP —6905 
(—3.85) 
: —.12 
RCPT .25 
(2.34) 
MP —672 
(—9.20) 
—.231 
NE 148 
(2.32) 
Ww —102 
(-1.81) 
Os —690 
(—8.22) 
BS —248 
(-3.19) 
NWH -419 
(—3.52) 
R? .78 


change in background conditions. Table 1 
does suggest the advisability of reestimating 
the model using data from fiscal year 1976 
and 1977 when such data become available 
to see whether a permanent change in back- 
ground conditions has occurred. However 
this is not the main point of this comment. 
The main point concerns the degree of 
bias present in the regression coefficient and 
t-ratio associated with MP. Table 1 sug- 
gests a significant amount of bias exists. 
When the method described in the original 
article is used to estimate equation (2) 
for fiscal year 1975, MP has a “high” r-ratio 
and a respectable elasticity. In fact, the 
elasticity coefficient is remarkably close 
to the elasticity coefficient reported in 
the original article. However, when the 
revised estimating procedure is used, the 
significance level of MP is dramatically 
reduced and the elasticity of the variable 
becomes uncomfortably close to zero. 
These results are consistent with the changes 


Original Method Modified Method 
Applied to Fiscal Applied to Fiscal 
Year 1975 Data Year 1975 Data 
— 554 —279 
83 67 
(5.37) (3.99) 
1.54 1.28 
~ 3828 — 2462 
(—.67) (—.37) 
— 06 —.04 
04 04 
(1.36) (.96) 
03 0. 
— 1288 — 155 
(— 3.58) (—.26) 
-.22 —.02 
564 598 
(2.27) (2.09) 
+31 —20.64 
(+.14) (—.08) 
—376 -559 
(— 1.05) (— 1.38) 
—212 —236 
(—.72) (—.70) 
~615 —752 
(— 1.09) (-1.14) 
~10 —.12 
74 67 


which should occur when the bias de- 
scribed in Section I is eliminated. 


HI. Conclusion 


On balance, additional evidence appears 
necessary to substantiate the public good 
hypothesis. Simultaneous equation bias is 
present in the original empirical estimates 
and the revised estimates do not offer strong 
support for the public good approach. 
When fiscal year 1975 and the revised esti- 
mating procedure are used to estimate the 
model, the elasticity coefficients of MP, 
RPOP, and RCPT are close to zero and the 
t-ratios suggest a low degree of statistical 
significance. Since these variables are char- 
acteristic of the public good model, a strong 
statistically significant relationship should 
exist between them and B before the public 
good hypothesis is accepted. At present, the 
main support of the hypothesis is provided 
by the significance and elasticity coefficient 
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of Y. 

A different specification of the model 
might lead to better results. One promising 
avenue of research may be the effect of state 
and local tax systems on the level of assis- 
tance. Another area might be the effect of 
assistance levels in neighboring states. Per- 
haps if these variables are embodied in the 
public good model, MP, RPOP, and RCPT 
will have the effects postulated by the public 
good model. 
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Income Transfers As A Public Good: Reply 


By Larry L. Orr* 


It has been said that the journal article 
production process is inherently biased 
toward Type I errors: authors tend to stop 
running regressions when their ż-tests reach 
an “acceptable” level, and journals are 
loathe to publish insignificant coefficients. 
If that is true—and I don’t doubt it—it is 
equally true that comments on journal ar- 
ticles are biased toward Type II errors: it is 
usually easier to produce an insignificant 
coefficient than it is to produce a better 
model. A corollary of this observation is, of 
course, that it is easier to write comments 
than to write articles. 

The authors of the present comments 
have, through various respecifications of 
the model presented in my article, produced 
a whole clutch of insignificant coefficients. 
The question is, are we dealing here with 
Type I errors in my model or with Type II 
errors in those presented in the comments? 

In the case of Lawrence Southwick’s re- 
estimation of my model with the recipiency 
rate (RPOP) endogenous, the answer is 
fairly obvious. His explanatory equations 
for BEN (my B) aren’t identified; each of 
these equations has two endogenous inde- 
pendent variables (RPOP and FED) and 
only one excluded exogenous variable 
(UNEMP). One can therefore place no cre- 
dence in either the estimated coefficients or 
their ¢-statistics. His equations (5) and (6), 
where RPOP is the dependent variable, 
have lots of highly significant coefficients, 
but these results are simply not believable. 
They imply, for example, that a $1,000 in- 
crease in the Aid to Families with Depen- 
dent Children (AFDC) benefit level would 
induce nearly 30 percent of the state popu- 


*Director, Office of Income Security Policy Re- 
search, U.S. Department of Health, Education and 
Welfare. I wish to thank Lisa Skumatz for program- 
ming assistance. All opinions and conclusions con- 
tained herein are solely my own, and do not represent 
the official policy of any agency of the federal govern- 
ment. 
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lation to join the welfare rolls. Given that 
real benefit levels in this period ranged from 
less than $400 to over $3,700, and no state 
ever had more than 10 percent of its popu- 
lation on welfare, that’s a little hard to take 
at face value. I do agree that further re- 
search should be done to integrate re- 
cipiency rates into the model as an endog- 
enous variable, but Southwick clearly has 
not produced such a model. 

The other two comments present more 
subtle problems that can’t be properly 
evaluated without additional analysis of the 
data. Bradley Schiller argues that the un- 
derlying structure of benefit determination 
differs between those states that have 
adopted AFDCU and those that have not, 
because of differences in “general attitudes 
toward welfare.” In particular, he asserts 
that this difference in “altruism,” rather 
than racial discrimination, accounts for the 
significant negative coefficients of the race 
variable (NWH) in my original equations. 
And indeed, on casual inspection, the 
separate regressions estimated for AFDCU 
and non-AFDCU states in the two time 
periods do appear to support the notion 
that a number of the coefficients in my 
model—including the race coefficient— 
vary greatly between these two sets of states. 
Several comments on this apparent result 
are in order, however. 

First, Schiller presents only the coefficient 
estimates for my equations (1) and (2) for 
the four subsamples, with the assurance 
that “other results were comparable.” 
However, the corresponding regressions for 
my preferred equations (3) and (4) show 
significant negative coefficients for NWH 
in three of the four subsamples; these co- 
efficients (and their ¢-statistics) are shown 
in Table 1 below.! The only differences be- 


The data used for NWH in the regressions pre- 
sented here (and those in Schillers comment) are 
slightly modified from those used in my original 
article. My original data for NWH included actual 
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TABLE 1—COEFFICIENTS OF NWH, 
EQUATIONS (3) AND (4) 











1963-67 1968-72 
AFDCU states —706. — 569. 
(4.63) (3.00) 
Non-AFDCU states —213. —4ll. 
(.98) (2.10) 





tween these regressions and those presented 
by Schiller are the deletion of F, which was 
insignificant in three of Schiller’s four equa- 
tions and both of my original equations (1) 
and (2), and, in 1968-72, deletion of T and 
TSQ, which were also uniformly insig- 
nificant in that period. 

As a more general test of Schiller’s basic 
proposition of structural differences be- 
tween AFDCU and non-AFDCU states, I 
performed Chow tests on separate regres- 
sions (without F) for the two subsamples in 
each of the two time periods, as well as t- 
tests for differences in individual coefficients 
between the two subsamples.” The resulting 
F-ratios for structural differences between 
the two sets of states were 1.24 in 1963-67 
and 1.48 in 1968-72, as compared with a 
critical F-value of 1.80 for significance at 
the 5 percent level. Thus, one cannot reject 
the hypothesis that the benefit determina- 
tion equation is the same for both sub- 
samples in each of the time periods. 

Moreover, in the 1968-72 period none of 
the z-tests for differences in the individual 
coefficients except that for the Northeastern 
regional dummy exceeded 1.0. (The t-test 
for the difference in the coefficient of NWH 





values from the 1961, 1967, 1969, and 1971 AFDC 
surveys only for those states for which published 
values were available, with imputed values for 
all other states and interpolations or extrapolations | 
for nonsurvey years (see fn. 9 of my original paper, p. 
365). In the course of further work with these data, I 
have computed actual values for all states directly 
from the survey tapes, including the 1973 survey. This 
should reduce the measurement error in NWH, al- 
though the sampling variability in some states is rather 
large. All other variables are identical to those used in 
_ my article. 
2These tests were performed by the method sug- 
gested by Ronald Oaxaca. 
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was .42.) In the 1963-67 period, only three 
of the coefficient differences were sig- 
nificant at the 10 percent level: Y(t = 2.40), 
RCPT (t = 2.01), and NWH (t = 1.85). Of 
course, among twenty-four pairs of co- 
efficients, one would expect two or three to 
be significantly different at the 10 percent 
level by chance alone. 

On the basis of these statistical tests, I 
conclude that the evidence for structural 
differences between the AFDCU and non- 
AFDCU states is extremely weak. There is 
no statistical reason to reject pooling the 
two subsamples, and interaction of NWH 
with the AFDCU dummy is only (weakly) 
justified in the earlier period. The coefficient 
instability displayed by Schiller’s regres- 
sions appears to me to be primarily due to 
the inclusion of F and the marked reduction 
in sample size involved in splitting the 
sample. 

A couple of final comments on Schiller’s 
results relate to his interpretation of the re- 
sults. If his argument that ‘“‘classism”’ rather 
than racism explains benefit differentials 
were valid, I would expect NWH to be in- 
significant in both subsamples, not just 
among non-AFDCU states. Taken at face 
value, his results suggest that racial dis- 
crimination is only operative in the “more 
altruistic” states that have adopted 
AFDCU—a result that I find rather strange. 

The.data also fail to support his asser- 
tions that “The twenty-eight states that have 
adopted ... [AFDCU] may then be viewed 
as significantly more ‘altruistic’ than the 
rest...” (p. 984), and that “... the lower 
benefits available in most non-AFDCU 
states are ... a reflection of generally nega- 
tive perceptions of welfare” (p. 984). The 
most appropriate test of these assertions 
would appear to be insertion of a simple 
dummy variable for the presence of 
AFDCU,; that is, holding all other vari- 
ables constant, do mean benefits differ be- 
tween the two sets of states?> As Schiller 


3This intercept-shift interpretation of altruism is 
consistent with Schiller’s remark that the more al- 
truistic states are “therefore likely to have higher 
6U;/8Y; for any given racial composition” (p. 984, 
emphasis added). It is the same interpretation I placed 
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himself notes (in his fn. 3), such a dummy 
was statistically insignificant when added to 
my original equations. I can report that 
the AFDCU dummy was also insignificant 
in regressions for each time period in which 
all of the other independent variables were 
interacted with AFDCU to allow differences 
in the slope coefficients. In fact, the co- 
efficients of the AFDCU dummy in these 
regressions were negative (and rather sub- 
stantial), rather than positive as Schiller’s 
hypothesis would imply. Thus, there is no 
empirical support for Schiller’s contention 
that the AFDCU states have a generally 
more positive attitude toward welfare bene- 
fit levels.4 

Hugh Spall argues that my estimate of 
the effect of the marginal federal matching 
rate on AFDC benefit levels is biased by the 
simultaneous relationship between benefit 
levels and the matching rate, and suggests 
an alternative estimating technique to cor- 
rect for this bias. Applying his technique 
to 1975 data he finds that, while my pro- 
cedure yields results quite consistent with 
my 1963-72 estimates, his yields a matching 
rate coefficient that is very small and in- 
significant. 

Spall’s argument is that as benefits rose, 
states found it advantageous to switch from 
the old AFDC matching formula to the 
Medicaid matching rate: “As a result, time- 
series data covering this period will show 
the average grant per recipient rising while 
the marginal state percentage is falling” 
(p. 986). 

This is really just a restatement of the 
simultaneity problem addressed in my origi- 


on the coefficients of the regional dummies in my 
original article. 

4\t is true that AFDC benefits are on average lower 
in the non-AFDCU states, but this fact seems to result 
as much from lower taxpayer incomes in these states 
as anything. For example, the mean per capita income 
differential between AFDCU and non- AFDCU states 
in 1968-72 explains 51 percent of the mean AFDC 
benefit differential between those two sets of states, on 
the basis of my estimated coefficient for Y. To the ex- 
tent that the residual differential does reflect “generally 
negative perceptions of welfare,” these perceptions ap- 
pear to be better captured by the regional dummies of 
my original model than by the presence of AFDCU. 
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nal article; but it ignores several complicat- 
ing factors. First, contrary to Spall’s asser- 
tion, the marginal state percentage (MP) 
does not fall monotonically as benefits rise 
over time. It first rises, as states move along 
the old AFDC formula (below B,), then 
falls at the point at which the state opts for 
the Medicaid formula, then remains con- 
stant. Second, much of the variation in both 
Band MP in this data base is cross-sec- 
tional variation. In cross section, under the 
AFDC formula high-benefit states will ob- 
viously tend to have high marginal state 
matching rates. The same tendency will also 
be present in cross section under the Medic- 
aid matching rate, since high-benefit states 
tend to be high-income states, and the 
federal Medicaid matching rate is negatively 
related (by statute) to state income. 

Thus, the sign of the correlation between 
Band MP is an empirical question. In fact, 
the data do not support Spall’s assertion of 
a negative correlation between B and MP 
over the 1963-72 period. In 1963-67, the 
simple correlation between these two vari- 
ables was +.79; and in 1968-72 it was +.12. 
It is hard to believe, then, that the argument 
advanced by Spall explains the highly sig- 
nificant negative matching rate coefficients 
obtained in my original regressions. I might 
also note that nothing in Spall’s comment 
would explain why the matching rate co- 
efficient was significantly negative in the 
1963-67 data, where only 7 of 255 observa- 
tions were for states on the Medicaid for- 
mula. 

A simple test of Spall’s hypothesis for the 
1968-72 period is to limit the sample to 
those. states still on the AFDC formula. 
This eliminates the formula switching that 
Spall cites as the basis for a significant 
negative matching rate coefficient. For this 
sample (n = 136), the coefficient of my MP 


‘variable is —397 (¢ = 2.11). There are, of 


course, problems with using this sample to 
estimate the structural model, but it never- 
theless casts considerable doubt on Spall’s 
explanation. 

Nor can Spall’s argument explain his own 
results for 1975. The bias he suggests rests 
entirely on changes in the matching rate 
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over time; in a single-year cross section like 
the one he analyzed, the argument is largely 
irrelevant. Why then does his technique 
yield such different results in 1975 from 
mine? In an attempt to answer that ques- 
tion, I have replicated Spall’s method with 
1975-76 data and compared it with my own 
in some detail. id 

Spall’s estimation of MP differs from 
mine in two respects. In the first-stage esti- 
mation of B, he adds the “‘switch point” 
B,as an independent variable. And in the 
second stage, he assumes that states always 
take the most advantageous matching for- 
mula, given the first-stage estimate of B, 
whereas I used the formula actually in ef- 
fect. 

The addition of B, to the first stage ap- 
pears to have almost no effect on the esti- 
mates. Its coefficient in the first stage is in- 
significant and the resulting second-stage 
estimates of (Spall’s) MP with and without 
B. in the first stage are identical for all states 
except one in each of the two years. In 


either case, the coefficient of MP (using 
Spall’s second stage) in the regression ex- 
plaining B is insignificant. In contrast, ap- 
plication of my second-stage technique to 
the 1975-76 data (deflated to 1967 dollars) 
yields a coefficient for MP of —655 (t = 
3.26), very close to my 1968-72 estimate of 
—672.° 

The striking difference in results between 
the two methods must lie, then, in the dif- 
ferent treatments of the second stage. A 
comparison of the second-stage estimates of 
MP shows that the two methods give identi- 
cal results for 87 of the 102 observations 
in 1975-76. In 12 of the 15 cases where the 
estimates of MP are different, Spall’s 
method imputes the Medicaid matching 
rate to a state that is actually on the AFDC 
formula. Since there were only 17 observa- 
tions of states on the AFDC formula to be- 
gin with, Spall’s method virtually eliminates 
this matching formula from the data set. In 


5Spall’s estimates for 1975 appear to be in 1975 
dollars. Deflating the 1975 matching rate coefficient he 
obtains with my method to 1967 dollars yields a co- 
efficient of — 799. 
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particular, it imputes the Medicaid match- 
ing rate to all of the observations for states 
on the AFDC formula facing zero federal 
matching at the-margin (MP = 1.0), thereby 
restricting all but one observation on MP 
to the narrow interyal .25-.50. The effect on 
the variation of MP _is quite striking: the 
variance of Spall’s MP is only about one- 
sixth the variance of mine. Moreover, within 
that narrow range, Spall’s MP is highly cor- 
related with state per capita income (r = 
.81), since the Medicaid matching rate is 
statutorily determined by state per capita 
income. In contrast, my MP is only weakly 
correlated with income (r = .13). Given 
that Spall’s method removes most of the in- 
dépendent variation from MP and intro- 
duces substantial collinearity with income, 
it is not surprising that his estimated co- 
efficient of MP is insignificant. 

These considerations explain (to me, at 
least) why Spall obtained an insignificant 
coefficient for MP. They do not, however, 
settle the question of which approach is 
correct. We are both agreed that a two- 
stage approach is necessary, with a first- 
stage prediction of B in order to eliminate 
correlation between MP and the error term 
of the final estimating equation for B. Our 
difference lies in the second-stage choice of 
matching rates. 

The state’s choice of formula is most as- 
suredly endogenous, but the endogeneity is 
of a peculiar sort. If states were perfectly 
rational maximizers, they would always be 
on the “right” formula—and it wouldn’t 
matter whether one used their actual choices 
or the choices they ‘‘ought” to make, as 
Spall does. Unfortunately, the states are not 
always on the right formula; typically, 
states appear to have stayed on the AFDC 
formula for about a year after they passed 
the “rational” switch point. The question is, 
does it make sense to impute 60 or 70 per- 
cent marginal federal matching to a state 
that is actually receiving zero matching at 
the margin? I think not. State AFDC bene- 
fits undoubtedly take some time to adjust 
to the federal matching rate; if anything, 
drastic changes in the matching rate should 
be lagged in the model, not anticipated. 
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In summary, then, (a) I find Spall’s argu- 
ment for the existence of bias in my 1963-72 
matching rate results quite unconvincing; 
(b) his argument does not explain either my 
results for 1963-67 or his own 1975 results, 
which appear to result merely from the fact 
that his technique removes most of the in- 
dependent variation from MP; and, (c) on 
balance, I feel that it makes more sense to 
treat the choice of matching rate as exog- 
enous than to impute to states marginal 
matching rates that are radically different 
from those they actually face. I must ad- 
mit to being somewhat surprised—and 
chastened—by the marked sensitivity of the 
matching rate coefficient to a handful of ob- 
servations in the 1975-76 period. But that 
is really just an inescapable result of the al- 
most universal adoption of the Medicaid 
formula. It seems unlikely that one can 
learn much about matching rate effects by 
analyzing states on that formula, because 
it is so closely related to state income. That 
does not mean the effects are no longer 
there—just that our techniques are prob- 
ably inadequate to disentangle them. 

For those readers who have perservered 
to this point, I present in Table 2 the esti- 
mated coefficients for my model based on 
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TABLE 2—ESTIMATED COEFFICIENTS, 
AFDC BENEFIT EQUATION, 1975-76 


Independent 
Variable Coefficient t 
Constant 292 = 
Y 63 6.95 
RPOP —1197. 51 
RCPT 30 1.95 
M - 655. 3.26 
NWH — 663. 2.76 
NE 168. 1.34 
Ww — 187. 1.73 
Os —356. 2.23 
BS —302. 2.12 
R? 67 
N 102 


the 1975-76 data (in 1967 dollars, for com- 
parison with my original estimates). 
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The 1978 Employment Center will be held Decem- 
ber 28-30 at the Conrad Hilton Hotel in Chicago, 
Illinois. Operating hours will be December 28, 
10:00 a.m.-5:00 P.M., December 29 and 30, 9:00 a.m.— 
5:00 p.m. There is no registration fee. 


The ninety-second annual meeting of the American 
Economic Association will be held in Atlanta, Georgia, 
December 28-30, 1979. The Employment Registry and 
Center will be open from December 27 to 30. 


Call for Papers for the 1979 Meetings 


Members wishing to give papers or make sugges- 
tions for the program for the meetings to be held in 
Atlanta, December 28-30, 1979, are invited to send 
their ideas to Professor Moses Abramovitz, Depart- 
ment of Economics, Stanford University, Stanford, 
CA 94305. Although most of the sessions sponsored by 
the American Economic Association will consist of 
invited papers, there will also be several sessions of 
noneconometric contributed papers. (The sessions of 
contributed papers will not be published in the Papers 
ind Proceedings issue to appear May 1980.) Proposals 
for invited sessions should be submitted as soon as 
possible. To be considered for the contributed ses- 
sions, abstracts of proposed (noneconometric) papers 
nust be received no later than March 1, 1979. Econo- 
mists wishing to give papers on econometrics or 
sconomic theory may submit abstracts to the Econo- 
metriz Society, which meets with the American 
Economic Association and annually schedules a sub- 
stantial number of contributions. 


Meetings of Regional and 
International Economic Associations 


Eastern Economic Association, last week April 
1979, Boston, Massachusetts. 

Eastern Finance Association, April 19-21, 1979, 
Washington, D.C. 

History of Economics Society, May 24-26, 1979, 
University of Illinois, Urbana, IL. 

Econometric Society, June 27-30, 1979, Montreal, 
Quebec, Canada. 

Southern Economic Association, November 7-9, 
1979, Atlanta, Georgia. 

Western Economic Association, June 1979, Las 
Vegas, Nevada. 


Harvard Law School offers four or five Liberal Arts 
Fellowships to college and university teachers in the 
arts and sciences for the academic year 1979-80. The 
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purpose of the fellowships is to enable teachers in the 
social sciences or humanities to study fundamental 
techniques, concepts, and aims of law, so that, in their 
teaching and research, they will be better able to use 
legal materials and legal insights which are relevant to 
their own disciplines. Fellowship holders will pre- 
sumably take at least two first-year courses in law, in 
addition to more advanced courses, and will par- 
ticipate in a joint seminar. The year of study will not 
count toward a degree. The fellowship grant covers 
tuition and health fees only. Applications should in- 
clude a biographical resume (including academic 
record and list of publications), a statement explain- 
ing what the applicant hopes to achieve through his 
year of study, and two letters of recommendation 
(mailed to the Chairman directly from the referees), 
There is no special application form. The deadline for 
1979-80 applications is January 15, 1979, submitted to 
the Chairman, Committee on Liberal Arts Fellow- 
ships, Harvard Law School, Cambridge, MA 02138, 
Awards will be announced before February 15, 1979. 


Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings held 
outside the United States, Mexico, and Canada that 
are concerned with the humanistic aspects of their 
discipline are eligible to apply for small travel grants 
of the American Council of Learned Societies. Fi- 
nancial assistance is limited to air fare between major 
commercial airports and will not exceed one-half of 
projected economy-class fare. Social scientists and 
legal scholars who specialize in the history or philosophy 
of their disciplines are eligible if the meeting they wish 
to attend is so oriented. Applicants must hold a Ph.D. 
degree or its equivalent, and must be citizens or per- 
manent residents of the United States. To be eligible, 
proposed meetings must be broadly international in 
sponsorship or participation, or both. The deadlines 
for applications to be received in the ACLS office are: 
meetings scheduled between July and October, March 
l: for meetings scheduled between November and 
February, July 1: for meetings scheduled between 
March and June, November 1. Please request applica- 
tion forms by writing directly to the ACLS (Attention: 
Travel Grant Program), 345 East 46th St., New York, 
NY 10017, setting forth the name, dates, place, and 
sponsorship of the meeting, as well as a brief statement 
describing the nature of your proposed role in the 
meeting. Even when plans are incomplete, a prospec- 
tive applicant should request forms in advance of the 
cut-off date, since deadlines are firm and no exceptions 
are permitted. Awards will be announced approxi- 
mately two months after each deadline. 


A conference, “The Trotsky-Stalin Conflict in the 
1920s,” will be held March 9-10, 1979. For informa- 
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tion, write UCCIS— University Center for Cultural 
and Intercultural Studies, Dr. George D. Jackson, 
Conference Coordinator, Hofstra University, Hemp- 
stead, NY 11550. 


An International Symposium: Tourism and the Next 
Decade will be held March 11-15, 1979, at the George 
Washington University. For information, contact Dr. 
Donald Hawkins, Steering Committee Coordinator, 
George Washington University, Tourism Develop- 
ment and Travel Administrative Program, 817 Twenty- 
third St., NW, Washington, D.C. 20052. 


The seventh annual conference of the economics de- 
partment of the City College of New York, scheduled 
for May 1979 at the Graduate Center, will be con- 
cerned with the current debate over the “New Inter- 
national Economic Order.” Keynote addresses will be 
made by distinguished invited speakers. Proposals for 
additional papers on any aspect of this subject will be 
welcomed. Attendance and discussion is open to aca- 
demic economists, government and United Nations 
officials, and executives of business firms. Inquiries 
should be addressed to Conference Chairman, Pro- 
fessor Edwin P. Reubens, Department of Economics, 
City College, City University of New York, Convent 
Avenue, New York, NY 10031. 


The eleventh annual meeting of CHEIRON: The 
International Society for the History of Behavioral 
and Social Sciences will be held at the University of 
Akron, June 8-10, 1979. Papers may deal with aspects 
of the history of any of the behavioral and social 
sciences. The emphasis of the meeting will be inter- 
disciplinary. Information concerning the program may 
be obtained from Dr. Robert G. Weyant, Depart- 
ment of Psychology, University of Calgary, Calgary, 
Alberta, Canada. Information on local arrangements 
may be obtained from Dr. John A. Popplestone, Ar- 
chives of the History of American Psychology, Uni- 
versity of Akron, Akron, Ohio 44325. 


The U.S. Agency for International Development 
has established a Studies Division within its newly 
created Office of Evaluation. The function of the 
division is to analyze the impact of alternative types 
of development projects on the income, nutrition, 
health, and demographic behavior of low income 
people and the socioeconomic and environmental 
systems on which their present and future welfare de- 
pends. The division hopes to find out what has been 
learned from past experience by tapping the knowledge 
of social scientists and development practitioners 
(especially host country nationals) and the intended 
beneficiaries of development assistance. While it is 
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expected that the division will conduct field studies, 
commission reports, and organize workshops, it will 
not fund basic research. 

It would be very helpful to the division’s staff if 
individuals who have had extensive experience with 
AID projects would write a brief letter giving their 
name and address, discipline or profession, the coun- 
tries in which they have observed AID activities in 
depth, the nature of the activity they have observed, 
and references to any work they may have published 
on their experience. Both constructive criticism and 
observations on projects that seem to be working well 
are of particular interest. Contact Allan Hoben, Chief, 
Studies Division, Office of Evaluation, PPC/E, Rm 
3673 NS, Agency for International Development, 
Washington, D.C. 20523. 


The Law and Economics Center of the University of 
Miami School of Law is accepting applications to the 
John M. Olin Fellowship Program in Law and 
Economics for the class entering September 1979. The 
three-year program, designed for highly motivated in- 
dividuals with a strong foundation in graduate micro- 
economics and its application, leads to the Juris 
Doctor degree. It prepares Fellows for scholarly re- 
search, teaching, legal practice, or government work 
in the various fields of law and economics. Fellows 
who have passed the preliminary examinations for the 
Ph.D. in economics are encouraged to complete the 
dissertation during their residence in Miami. The pro- 
gram may be completed in two and a half years by at- 
tending summer school. 

Five fellowships of approximately $33,000 each are 
available annually. These provide full tuition and fees 
(currently about $4,000 per year) plus stipends of 
$7,500 per year for Fellows with the Ph.D. and of 
$6,500 per year for Fellows without it. Up to five addi- 
tional fellowships are offered each year. Deadline for 
submitting applications is February 15, 1979. Awards 
will be announced by April 1. Candidates must apply 
separately to the School of Law and should take the 
Law School Admissions Test not later than December 
1978, or arrange to take a special exam no later than 
January 31, 1979. Individuals interested in more in- 
formation or in arranging interviews should write 
the Coordinators, John M. Olin Fellowship Program, 
Law and Economics Center, University of Miami 
School of Law, P.O. Box 248000, Coral Gables, FL 
33124. 


The S.S. Huebner Foundation for Insurance Educa- 
tion is sponsoring its fourth annual research grants 
competition. The grants are intended to support re- 
search in the field of risk and insurance. Full-time 
faculty members at colleges and universities in the 
United States and Canada are eligible to apply. 
Among the areas which will be considered are: risk 
theory; consumer demand for insurance; risk manage” 
ment; health insurance; other methods of health care 
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financing; social insurance programs; international in- 
surance issues; insurance law; insurance regulation. 
Grants are available from the Foundation in amounts 
up to $10,000. Proposals must be submitted by March 
1, 1979, and the grants will be awarded by May 1, 
1979, Additional information regarding the program 
can be obtained from: Dr. J. David Cummins, Re- 
search Director, S.S. Huebner Foundation for In- 
surance Education, W-133 Dietrich Hall/CC, Uni- 
versity of Pennsylvania, Philadelphia, PA 19104. 


New Journal: Call for Papers 


The Journal of Policy Modeling, published quarterly 
by the Society of Policy Modeling, provides a forum 
for analysis and debates of international policy is- 
sues. Focusing upon intertemporal, interregional, and 
intersectoral policy issues, JPM emphasizes formal 
modeling techniques. Model-oriented, empirically 
based articles on policy issues are welcome, together 
with studies about the historical context of current 
economic, social, and political world problems. Au- 
thors and readers are given the opportunity for com- 
ments, rebuttals, and rejoinders. Manuscripts should 
be submitted to: JPM, Managing Editor, Box 3299, 
Grand Central Station, New York, NY 10017. 


The American Antiquarian Society will award a 
number of Visiting Fellowships, June 1, 1979-May 
31, 1980, in two categories: National Endowment for 
the Humanities Fellowships: At least two Fellowships 
with a stipend of $1,666 per month for six to twelve 
months’ residence at the Society, full time. (Fellows 
may not accept teaching assignments nor undertake 
any other major fellowships except sabbaticals or grants 
from their own institutions.) Fred Harris Daniels 
Fellowships: Short-term Fellowships for one to three 
months, with stipends up to $1,800 maximum. In- 
dividuals engaged in scholarly research and writing, 
including foreign nationals and persons at work on 
doctoral dissertations may apply. 

The deadline for applications for both Fellowships 
is February 1, 1979. Awards will be announced March 
15, 1979. Request application forms from John B. 
Hence, Research and Publication Officer, American 
Antiquarian Society, 185 Salisbury Street, Worcester, 
Massachusetts 01609. Telephone 617+755-5221. 


Call for papers: The seventh annual Telecommunica- 
tions Policy Research Conference (tentatively sched- 
uled for the beginning of May 1979) is now being 
planned. The conference brings researchers from a 
variety of disciplines together with policymakers from 
several branches of government. Those engaged in re- 
search which (1) has implications for telecommunica- 


tions policy, and (2) will be completed by early spring,- 


are invited to submit a brief description of their work. 
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If a paper is selected for presentation at the conference, 
the author will be reimbursed for travel and conference 
living expenses if no alternative source of funding is 
available. Please send abstracts as soon as possible to: 
TPRC Organizing Committee; c/o John C. Panzar; 
Bell Laboratories; Murray Hill, NJ 07974. 


Death 


Frank Hanna, professor emeritus of economics, 
Duke University, July 15, 1978. 


Retirements 


Paul Fisher, chief, International Staff, Social Se- 
curity Administration, Washington, Aug. 1, 1978. 

Werner Hochwald, professor emeritus of political 
economy, Washington University, St. Louis, July 1, 
1978. 

Owen H. Sauerlender, professor emeritus of eco- 
nomics, Pennsylvania State University, June 30, 1978. 

Merton P. Stoltz, provost, Brown University, July 
1978. 

W. Tate Whitman, Emory University, Sept. 1, 1978. 


Visiting Foreign Scholars 


Alan Armstrong, University of Bristol, England: 
visiting professor, department of economics, Duke 
University, Fall 1978. 

Richard J. Brook, Massey University, New Zealand: 
visiting associate professor, Duke University, Jan. 
1979, 

A. W. Coates, University of Nottingham, England: 
visiting professor of economics, Emory University, 
Jan.-June 1979. 

Nanak C. Kakwani, University of New South 
Wales, Australia: visiting professor, department of 
economics, Wayne State University, Mar.—June 1979. 

Patrick C. McMahon, University of Birmingham, 
England: visiting associate professor, department of 
economics, Wayne State University, Jan—June 1979. 

Nimrod Mediggo, Tel-Aviv University: visiting as- 
sociate professor, department of managerial eco- 
nomics and decision sciences, Northwestern Uni- 
versity, 1978-79. 

Michael G. Porter, Monash University, Australia: 
visiting professor of economics, Yale University, 
July 1978. 

Fuad Sheikh Salem, University of Jordan: visiting 
associate professor of management, world business 
department, American Graduate School of Inter- 
national Management, June 1, 1978. 

Maurice F. G. Scott, Oxford University: visiting 
professor of economics, Yale University, July 1978. 

Radha P. Sinha, University of Glasgow, Scotland: 
visiting professor department of economics, Duke Uni- 
versity, Fall 1978. 


Daniel Soulie, University of Paris-Dauphine: 
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visiting associate professor, State University of New 
York-Stony Brook, Sept. 1978. 

Arie Tamir, Tel-Aviv University: visiting associate 
professor, department of managerial economics and 
decision sciences, Northwestern University, 1978-79. 

Peter J. de la Fosse Wiles, London School of Eco- 
nomics: visiting professor, department of economics, 
Wayne State University, Mar.-June 1979. 

Alan Woodfield, Flinders University of South Aus- 
tralia: visiting professor, department of economics, 
Duke University, Jan. 1979. 


Promotions 


Roy D. Adams: associate professor of economics, 
Iowa State University, Sept. 1, 1978. 

Michael J. Applegate: associate professor of eco- 
nomics, Oklahoma State University, Sept. 1, 1978. 

- Richard Bossert: associate professor of marketing, 
American Graduate School of International Manage- 
ment, Aug. 23, 1978. 

Earl Culp: associate professor of marketing, Ameri- 
can Graduate School of International Management, 
Aug. 23, 1978. 

Barry L. Duman: professor of economics, West 
Texas State University, Spring 1978. 

Robert T. Falconer: research officer and senior 
economist, domestic research department, Federal Re- 
serve Bank of New York, July 20, 1978. 

Evelyn C. Fallek: chief, Domestic Banking Applica- 
tion Division, Federal Reserve Bank of New York, 
Apr. 27, 1978. 

Stuart M. Feder: manager, statistics department, 
Federal Reserve Bank of New York, July 20, 1978. 

Richard J. Gelson: manager, statistics department, 
Federal Reserve Bank of New York, July 20, 1978. 

Ken Goldin: professor of economics, California 
State University-Fullerton, Aug. 28, 1978. 

Peter W. Harman: associate professor, department 
of economics and management, Rhode Island College, 
July 1, 1978. 

Sheng Cheng Hu: professor of economics, Purdue 
University, Aug. 1978. 

Wallace E. Huffman: associate professor of eco- 
nomics, Iowa State University, July 1, 1978. 

Ehud Kalai: professor, department of managerial 
economics and decision sciences, Northwestern Uni- 
versity, Sept. 1978. 

Marvin Kraus: associate professor of economics, 
Boston College, Sept. 1978. 

Roger M. Kubarych: assistant vice-president, Re- 
search and Statistics Function, Federal Reserve Bank 
of New York, Jan. 1, 1978. 

David Levine: associate professor of economics, 
Yale University, July 1978. 

An-loh Lin: associate professor of economics and 
management, Oakland University, Aug. 1978. 

William A. McEachern: associate professor, de- 
partment of economics, University of Connecticut, 
Oct. 1978. 

Arthur H. Martel: professor of economics, Indiana 
University of Pennsylvania, Sept. 1978. 

Tapan Mitra: associate professor of economics, 
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State University of New York-Stony Brook, Sept. 
1978. 

Ronald L. Moomaw: associate professor of eco- 
nomics, Oklahoma State University, Sept. 1, 1978. 

Wayne Nafziger: professor of economics, Kansas 
State University, July 1, 1978. 

Jon P. Nelson: professor of economics, Pennsyl- 
vania State University, July 1, 1978. 

Kent W. Olson: associate professor of economics, 
Oklahoma State University, Sept. 1, 1978. 

Donald Ratajczak: professor of economics, Georgia 
State University, July 1, 1978. 

Susan Rose-Ackerman: associate professor of eco- 
nomics and Institution for Social and Policy Studies, 
Yale University, July 1978. 

Mark Rosenzweig: associate professor of eco- 
nomics, Yale University, July 1978. 

Mark Satterthwaite: professor, department of 
managerial economics and decision sciences, North- 
western University, Sept. 1978. 

Robert D. Sleeper: manager, foreign department, 
Federal Reserve Bank of New York, July 20, 1978. 

Thomas R. Swartz: professor, department of eco- 
nomics, University of Notre Dame, 1978-79. 

Mark Walker: associate professor of economics, 
State University of New York-Stony Brook, Sept. 
1978. 

Frederick R. Warren-Boulton: associate professor 
of economics, Washington University, St. Louis, July 
1, 1978. 

Dennis J. Weidenaar: professor of economics, Pur- 
due University, Aug. 1978. 

Stephen T. Worland: professor, department of eco- 
nomics, University of Notre Dame, 1978-79. 


Administrative Appointments 


Richard K. Armey: chairman, department of eco- 
nomics, North Texas State University, Sept. 1, 1978. 

John O. Blackburn: acting chairman, department of 
economics, Duke University, 1978-79. 

Henry W. Broude: adviser to the president, Yale 
University, July 1978. 

John A. Carlson: chairman, economics policy com- 
mittee, Purdue University, July 1, 1978. 

Michael P. Claudon: chairman, department of 
economics, Middlebury College, July 1, 1978. A 

Ward S. Curran: chairman, department of eco- 
nomics, Trinity College, July 1, 1978. 

F. Trenery Dolbear, Jr.: chairman, department of 
economics, Brandeis University, Jan. 1, 1978. 

Ken Goldin: acting associate dean, School of 
Business Administration and Economics, California 
State University-Fullerton, July 1, 1978. 

H. Robert Heller, International Monetary Fund: 
vice president for international economics, Bank of 
America, San Francisco, Apr. 1978. 

James V. Koch, Illinois State University: dean, 
Division of Arts and Sciences and professor of eco- 
nomics, Rhode Island College, May 1, 1978. 

Richard F. Kosobud: head, department of eco- 
nomics, University of Illinois at Chicago Circle, 
Sept. 1977. 
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. Gerald M. Lage: head, department of economics, 

Oklahoma State University, Apr. 1, 1978. 

Robert T. Michael: director, National Bureau of 
Economic Research, Inc., Palo Alto, July 1, 1978. 

Merton J. Peck: chairman, economics department, 
Yale University, July 1978. 

Mark B. Schupack: associate dean of the faculty 
and academic affairs, Brown University, July 1978. 

Ashton I, Veramallay: director, Center for Eco- 
nomic Education, Indiana University East, Sept. 1, 
1978. 

James A. Zwerneman: chairman, department of 
business administration and economics, Saint Mary’s 
College, Aug. 1978. 


Appointments 


Kenneth J. Arrow, Harvard University: professor of 
economics, Stanford University, Sept. 1, 1979. 

Ronald M. Ayers, Tulane University: lecturer, Ohio 

. State University. 

Bruce L. Benson, Texas A&M University: visiting 
assistant professor of economics, Pennsylvania State 
University, Sept. 1, 1978. 

H. Woods Bowman: adjunct professor of eco- 
‘ nomics, University of Illinois at Chicago Circle, 
Spring 1978. 

* Judith S. Brenneke, Northern Illinois University: 
assistant professor and director, Center for Economic 
. Education, department of economics and manage- 

ment, Rhode Island College, Sept. 1978. 

Robert Brusca: economist, Balance of Payments 
Division, Federal Reserve Bank of New York, Dec. 1, 
1977. 

Roland Buck, Ohio State University: lecturer, de- 
partment of economics, Ohio State University. 

Philip H. Carver, Johns Hopkins University: as- 
sistant professor of economics, policy studies pro- 
gram, Dartmouth College, July 1978. 

Christophe Chamley, Harvard University: assistant 
professor of economics, Yale University, July 1978. 

Ramaswamy Chandrasekaran, University of Texas- 
Dallas: visiting professor, department of managerial 
economics and decision sciences, Northwestern Uni- 
versity, 1978-79. 

Barry Chiswick: professor of economics, University 
of Illinois at Chicago Circle, Sept. 1978. 

Carmella U. Chiswick: assistant professor of eco- 
nomics, University of Illinois at Chicago Circle, 
Sept. 1978. 

Robert E. Christiansen, Indiana University: as- 
sistant professor, department of economics, North 
Texas State University, Sept. 1, 1978. 

George Cluff: assistant professor of economics, 
Georgia State University, Sept. 1978. 

David C. Conn, Ohio State University: assistant 
professor, department of economics, Wayne State Uni- 
versity, Sept. 1978. 

Robert F. Conrad: assistant professor of economics, 
Duke University, Fall 1978. 

Thomas F. Cosimano, State University of New 

r York-Buffalo: assistant professor of economics, 

Pennsylvania State University, Sept. 1, 1978. 


ELP eS 


awa 


NOTES 999 


Charles Craypo, Pennsylvania State University: as- 
sociate professor, department of economics, University 
of Notre Dame, Sept. 1978-79. 

John T. Cuddington, University of Wisconsin: as- 
sistant professor of economics, Stanford University, 
Sept. 1, 1978. 

Charles Dale: financial economist, U.S. Treasury 
Department, Mar. 29, 1978. 

Timothy A. Deyak, Auburn University: visiting as- 
sistant professor of economics, University of lowa, 
Aug. 29, 1978. 

Bruce C. Dieffenback, University of Pennsylvania: 
associate professor, department of economics, State 
University of New York-Albany, Sept. 1, 1978. 

Stefano Fenoaltea: associate professor, department 
of economics, Duke University, Fall 1978. 

John H. Gates: visiting assistant professor of eco- 
nomics, College of William and Mary, 1978-79. 

Amihai Glazer, Yale University: assistant professor 
of economics, School of Social Sciences, University of 
California-Irvine, July 1978. 

Chennat Gopalakrishnan: professor of social sci- 
ences, Law of the Sea Institute, University of Hawaii, 
May 1978. 

Oliver R. Grawe: assistant professor of economics, 
Emory University, Sept. 1978. 

Klaus D. Grimm, U.S. Department of Housing and 
Urban Development: senior fellow, Institute of Man- 
power Studies, London School of Economics and Uni- 
versity of Sussex, England. 

Theodore Groves, Northwestern University: pro- 
fessor, department of economics, University of Cali- 
fornia-San Diego, July 1, 1978. 

Luis Guasch, Indiana University: assistant pro- 
fessor, department of economics, University of Cali- 
fornia-San Diego, July 1, 1978. 

Robert E. Hall, Massachusetts Institute of Tech- 
nology: professor of economics, Stanford University, 


` Sept. 1, 1978. 


Richard L, Haney, Jr., University of Georgia: as- 
sociate professor, Texas A&M University, July 1, 
1978, 

John Hause, University of Minnesota: professor of 
economics, State University of New York-Stony 
Brook, Sept. 1978. 

William J. Hausman: visiting assistant professor of 
economics, College of William and Mary, 1978-79. 

James M. Holmes, State University of New York- 
Buffalo: visiting professor, department of economics, 
Wayne State University, Sept. 1978-June 1979, 

Michael D, Hurd, Stanford University: associate 
professor of economics, State University of New 
York-Stony Brook, Sept. 1978. 

Curtiss D. Huyser: research associate, department 
of economics, Iowa State University, Mar. 1, 1978. 

Mihailo Ivanovic: economist, Industrial Economies 
Division, Federal Reserve Bank of New York, Feb. 2, 
1978. 

John Johnston, University of Manchester: professor 
of economics, School of Social Sciences, University of 
California-Irvine, June 1978. 

Tahoe Kim: associate professor of economics, 
American Graduate School of International Manage- 
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ment, Aug. 23, 1978, 

Nancy J. Kimelman, Brown University: instructor, 
department of economics and management, Rhode 
Island College, 1978-79. 

Susan W. Kramer: visiting assistant professor of 
economics, College of William and Mary, 1978-79. 

Martha Langer: economist, Banking Studies Divi- 
sion, Federal Reserve Bank of New York, Sept. 1978. 

Gurcharan S$. Laumas, Illinois State University: 


visiting professor, department of economics, Wayne . 


State University, Sept. 1978-June 1979. 

Li Way Lee, Bryn Mawr College: assistant profes- 
sor, department of economics, Wayne State Univer- 
sity, Sept. 1978. 

W. Arthur Lewis, Princeton University: visiting 
professor of social sciences and Afro-American studies, 
Yale University, July 1978. 

Patrick S. McCarthy, Concordia College, Montreal: 
assistant professor of economics, Purdue University, 
Fall 1978. 

William D. Manson, Virginia Polytechnic Institute 
and State University: assistant professor, department 
of economics, Ohio State University 

Paul Milgrom, Stanford University: assistant pro- 
fessor, department of managerial economics and de- 
cision sciences, Northwestern University, Jan. 1979. 

Olivia S. Mitchell, University of Wisconsin-Madison: 
assistant professor, department of labor economics, 
New York State School of Industrial and Labor Re- 
lations, Cornell University, Aug. 1978. 

Gene E. Mumy, Virginia Polytechnic Institute and 
State University: assistant professor, department of 
economics, Ohio State University. 

Richard Murnane, University of Pennsylvania: as- 
sistant professor of economics, Yale University, July 
1978, 

William Novshek, Northwestern University: as- 
sistant professor of economics, Stanford University, 
Sept. 1, 1978. 

Nai-Pew Ong, Yale University: lecturer, department 
of economics, Ohio State University. 

Craig W. O’Riley: research associate, department of 
economics, lowa State University, Mar. 1, 1978. 

Mack Ott, Virginia Polytechnic Institute and State 
University: associate professor of economics, Pennsyl- 
vania State University, Sept. 1, 1978. 

Richard A. Palfin, Whitman College: assistant pro- 
fessor of economics, Gladys A. Kelce School of 
Business and Economics, Kansas State College of 
Pittsburgh, 

Thien Pham: economist, Banking Studies Division, 
Federal Reserve Bank of New York, July 13, 1978. 

Michael J. Pogodzinski, State University of New 
York-Stony Brook: visiting assistant professor of 
economics, Purdue University, Fall 1978. 

Cecile C. Pincince, Clark University: instructor, de- 
partment of economics and management, Rhode 
Island College, 1978-79. 

Walker Pollard, Virginia Polytechnic Institute and 
State University: ‘lecturer, department of economics, 
Ohio State University. 

Philip K. Quarcoo, Baruch College: assistant profes- 
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sor, department of economics and management, 
Rhode Island College, Sept. 1978. 

M. Jane Racster: lecturer, department of economics, - ; 
Ohio State University. 

Barbara Lou Reed: instructor of accounting, 
American Graduate School of International Manage- 
ment, Aug. 23, 1978. 

Fred Ribe: economist, Money and Finance Division, 
Federal Reserve Bank of New York, Sept. 1978. 

Randolph E. Ross: visiting associate professor of 


“marketing, American Graduate School of Interna- 


tional Management, Aug. 24, 1978. 

Alan M. Rugman, University of Winnipeg: visiting 
associate professor, Graduate School of Business, 
Columbia University, Aug. 1978-Aug. 1979. 

Agnes Rupp: research associate, department ‘of 
public health, Cornell University Medical College, 
Mar. 1, 1978. 

Jose Sanchez-Molinari: professor, department of 
economics, Col-ege of Saint Teresa, Sept. 1978. 

Margaret Schaefer: assistant professor of eco- 
nomics, College of William and Mary, Sept. 1978. 

Joseph Shaanan, Cornell University: assistant pro- 
fessor of economics, Oklahoma State University, Sept. 
1978. 

Gad Shifron, Indiana University: visiting associate 
professor of economics, Purdue University, Fall 1978. 

. Frederick T. Sparrow, University of Houston: pro- 
fessor of industrial engineering and economics, 
Purdue University, Fall 1978. 

John W. Speer, U.S. Navy: assistant professor, 
department of economics and management, Rhode 
Island College, Sept. 1978. 

Daniel F. Spulber, Northwestern University: as- 
sistant professor of economics, Brown University, 
Sept. 1978. 

Nancy Stokey, Harvard University: assistant pro- 
fessor, department of managerial economics and de- 
cision sciences, Northwestern University, Sept. 1, 
1978. 

Jerry G. Thursby, Syracuse University: assistant 
professor, department of economics, Ohio State Uni- 
versity. 

Marie C. Thursby, Syracuse University: assistant 
professor, department of economics, Ohio State Uni- 
versity. 

Charles E. Webster, Jr.: assistant professor of eco- 
nomics, Washirgton University, St. Louis, Sept. 1, 
1978. 

Arthur L. Welsh, Joint Council on Economic Edu- 
cation: visiting professor of economics, University of 
Iowa, Aug. 29, 1978. 

Robert J. Willis, National Bureau of Economic Re- 
search and Stanford University: professor of eco- 
nomics, State University of New York-Stony Brook, 
Sept. 1978, . 

t 
Leaves for Special Appointment 


Stanley M. Besen, Rice University: codirector and 
chief economist, network inquiry, Federal Com- 
munications Commission, June 1978-June 1980. 
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Martin Bronfenbrenner, Duke University: visiting 
fellow, Institute of Development Studies, University 
of Sussex, Brighton, Fall 1978. 

Gary J. Dorman, University of Maryland: U.S. De- 
partment of Energy, Policy and Evaluation, Aug. 
1978-July 1979. 

David I, Fand, Wayne State University: economic 
advisor to the Comptroller of the Currency, July 1, 
1978-June 30, 1979. 

David H. Finifter, College of William and Mary: 
research associate, Brookings Institution and- U.S. 
Department of Labor, Employment and Training Ad- 
ministration, Office of Policy Evaluation and Re- 
isearch, Aug. 1978-July 1979. 

Andrew M. Hamer, Georgia State University: con- 
‘sultant, development economics department, World 
Bank, 1978-79. 

} Clyde A. Haulman, Collegz of William and Mary: 
‘visiting associate professor, department of economics 
‘ind finance, Florida Technological University, 
(978-79. 

' James R. Jeffers, University of Iowa: health eco- 
ařomics advisor to Agency for International Develop- 
‘ment, Kenya, and Department of Health, Education, 
‘and Welfare, June 1978-Dec. 1979. 

“` Allen C. Kelley, Duke University: visiting research 
‘professor, Esmee Fairbairn Research Institute, Heriot- 
(Watt University, Edinburgh, Fall 1978; research 

; scholar, International Institute for Applied Systems 

+ Analysis, Laxenburg, Austria, Spring 1979, 

Randall R. Kincaid, Jr., Davidson College: senior 
program analyst, Environmental Protection Agency, 
June 1978-May 1979. 

Steven W. Kohlhagen, University of California- 
Berkeley: senior staff economist, Council of Eco- 
nomic Advisers, 1978-79. 

Charles M. Lucas, Federal Reserve Bank of New 
York: consultant, International Monetary Fund, Sept. 
1978-Aug. 1979, 

Bernard L. Weinstein, University of Texas-Dallas: 
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scholar in residence, Southern Growth Policies 
Board, Washington, D.C., Sept. 1978-Aug. 1979. 

E. Roy Weintraub, Duke University: visiting profes- 
sor, University of Hawaii-Manoa, Fall 1978. 

John Weymark, Duke University: visiting assistant 
professor, University of British Columbia, 1978-79. 


Resignations 


Robert C. Baesemann, Northwestern University: 
National Economic Research Associates, Mar. 1978. 

Ernst Baltensperger, Ohio State University: Univer- 
sity of Heidelberg, June 1978. 

Thomas B. Birnberg, Yale University: University of 
Ottawa, July 1978. 

Stephen DeCanio, Yale University: University of 
California-Santa Barbara, Jan. 1979. 

Gary Fields, Yale University: Cornell University, 
July 1978, 

N. Gail Frey, Ohio State University: California 
State University, Sept. 1978. 

Eric Hanushek, Yale University: University of 
Rochester, July 1978. 

T. Krishna Kumar, Florida Atlantic University: 
Indian Institute of Management, Bangalore, India, 
Oct. 1, 1978. 

Susan Lepper, Yale University: Council of Eco- 
nomics Advisors, July 1978. 

Michael L. Lichstein, Ohio State University, Sept. 
1978. 

Richard Maxon, Iowa State University: Kansas 
State University, June 7, 1978. 

Gerald O’Driscoll, Iowa State University, May 
31, 1978. 

George F. Rhodes, Ohio State University: Colorado 
State University, Sept. 1978. 

Gary Smith, Yale University: University of 
Houston, July 1978. 

Joan Tomlinson, Rhode Island College. 
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NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 


When sending information to the Review for inclusion in the Notes Section, please use the following style: 


A. Please use the following categories: 


1---Deaths 

2——-Retirements 

3-—Foreign Scholars (visiting the USA or Canada) 
4—-Promotions 

5—-Administrative Appointments 


6—New Appointments 

7— Leaves for-Special Appointments (NOT Sabbaticals ) 
8— Resignations 

9—Miscellaneous 


B. Please give the name of the individual (SMITH, Jane W.), her present place of employment or enrollment: 
her new title (if any), and the date at which the change will occur. ° 


C. Type each item on a separate 3 x 5 card and please do not send public relations releases. 


D. The closing dates for each issue are as follows: March, November 1; June, February 1; September, May 1; 
December, August 1. 


This announcement supersedes and replaces a letter which was sent annually from the managing editor’s office. 
All items and information should be sent to the Assistant Editor, American Economic Review, Box Q, Brown Uni- 
Ņ versity, Providence, Rhode Island 02912. 


SEVENTY-FIFTH LIST OF DOCTORAL DISSERTATIONS IN POLITICAL 
ECONOMY IN AMERICAN UNIVERSITIES AND COLLEGES 


The present list specifies doctoral degrees conferred during the academic year terminating June 1978. Abstracts 
will no longer be printed, as they are published by University Microfilms, Ann Arbor, Michigan. 


General Economics; including Economic Theory, 
History of Thought, Methodology, 
Economic History, and Economic Systems 


ELON AMIT, Ph.D. Minnesota 1977. The rate con- 
vergence of the core in an economy with production. 

BARRY L. ANDERSON, Ph.D. Duke 1978, Royal com- 
missions, economists, and policy: A study of eco- 
nomic advisory process in postwar Canada. 

ALAN BAQUET, Ph.D. Michigan State 1978. A partial 
dynamic theory of production, investment, and dis- 
investment. 

CHRISTOPHER Baum, Ph.D. Michigan 1977. Applica- 
tions of optimal control theory to macro-economic 
stabilization policy. 

J. HOWARD BEALES, Ph.D. Chicago 1978. The distri- 
bution of advertising within an industry. 

ROBERT A. BECKER, Ph.D. Rochester 1978. Simple 
dynamic models of equilibrium. 


PETER BERCK, Ph.D. Massachusetts Institute of Tech- 
nology 1977. Natural resources in a competitive 
economy. 


Rosert C. BEver, Ph.D. Purdue 1978. Process models 
and production theory: A nonstatistical approach. 
Davip BIGMAN, Ph.D. Johns Hopkins 1978. Essays on 


the neoclassical theory of production and distribu- 
tion and the theory of aggregation. 


Dan E. Bircn, Ph.D. Purdue 1977. Stocks, flows and 
an integrated model of macro disequilibrium. 

TIMOTHY BRENNAN, Ph.D. Wisconsin (Madison) 1978. 
On the micro foundations of Keynesian macroeco- 
nomics. 
ELsa K.F. Brown, Ph.D. Duke 1978. The Keynesian 
and neoclassical research program: A comparison. 
YANG Boo Cuore, Ph.D. Missouri (Columbia) 1977. 
An essay on the idea and logic of agricultural 
economics. 

UN CHAN CHUNG, Ph.D. Princeton 1978. Toward a 
theory of the price-setting banking firm. 


MATTHEW C. COHEN, Ph.D. Carnegie-Mellon 1978. 
Decision making in a committee context: A study of 
the U.S. House of Representatives Education and 
Labor Committee deliberations of Title I of the 
Elementary and Secondary Education Act Exten- 
sion of 1974. 

JAVIER CUENCA, Ph.D. Toronto 1978. The trade and 
commercial policy of Spain, 1765-1826. 


LAWRENCE S. Davipson, Ph.D. North Carolina 
(Chapel Hill) 1977. The Nixon wage and price con- 
trols: A theoretical and empirical analysis. 


JAMES L. DEATON, Ph.D. North Carolina State 1977. 
The adoption and diffusion of the combined har- 
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sis of the economic performance of the U.S. corn 
futures market. 


Ray Kopp, Ph.D. State University of New York 
(Binghamton) 1978. The implications of pollution 
and pollution control equipment for productive 
efficiency in the electric power industry. 


WILLIAM H. Lesser, Ph.D. Wisconsin (Madison) 
1977. Marketing systems for warm water aquacul- 
ture species in the upper Midwest. 


ARMANDO A. Lop, Ph.D. California (Davis) 1978. 
Economics of irrigation under salinity conditions: . 
The case of Mendoza, Argentina. 


IGNEz G. Lores, Ph.D. Purdue 1977. Time alloca- 
tion of low-income Brazilian households; A mul- 
tiple job holding model. 


Mauro D. Lores, Ph.D. Purdue 1977. Alternative 
fiscal means to mobilize resources from agriculture: 
The case of Brazil. 


Ernst Lutz, Ph.D. California (Berkeley) 1977, Grain 
reserves and international price stabilization. 


Joun K. Lynam, Ph.D. Stanford 1978. An analysis 
of population growth, technical change, and risk 
in peasant, semiarid farming systems: A case study 
of Machakos District, Kenya. i 


ANDREW M. MCGREGOR, Ph.D. Cornell 1978. The 
Lome Convention and the ACP sugar exporters: 
The political economy of conflicting policies. 


MICHAEL V. MARTIN, Ph.D. Minnesota 1978. An 
economic analysis of the social cost of regulated 
value-of-service wheat and barley rail rates in the 
upper Midwest. 


RONALD L. MEEKHOF, Ph.D. Michigan State 1978. 
The economic feasibility of utilizing waste heat from 
electrical power plants in integrated agricultural 
and aquacultural systems under Michigan condi- 
tions. 


BRYAN E. MELTON, Ph.D. lowa State 1977. An eco- 
nomic analysis of concentrate vs. roughage feeding 
for finishing beef steers. 


WILLIAM H. Meyers, Ph.D. Minnesota 1977. Long- 
run income growth and world grain demand: An 
econometric analysis. 


Dwicut D. Minami, Ph.D. California (Davis) 1977. 
The economic analysis of market control in the 
California cling peach industry. 


HENDRIK C. MoLsTER, Ph.D. Stanford 1978. Methods 
of estimating fertilizer response with an application 
to area use in Jogjakarta, Indonesia. 


Jonn L. Morris, Ph.D. Cornell 1978. An economics 
analysis of cyclical variations in the U.S. beef 
industry. 

BERNARD J. Morzucu, Ph.D. Missouri (Columbia) 
1977. Technology and climatic effects in aggregate 
functions. 


KOOsWARDHONO Mupikpso, Ph.D. Wisconsin 
(Madison) 1978. Changes in agrarian production 
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structure under an agrarian reform structure: Chile 
1965-70. ` 


Upatt NANAYAKKARA, Ph.D. Michigan State 1977. 
The economics of country fairground use and the 
potentials for profitable future operations through 
use expansion: A case study of the fairgrounds 
project in Emmet County, Michigan. 


Mack C. NELSON, Ph.D. Illinois 1978. An economic 
analysis of the long-run productivity impacts of 
soil erosion control. 


RoserT C. OeLmar, Ph.D. Maryland 1976. The 
economics of organic farming. 


CHARLES E. OVERTON, Ph.D. Purdue 1977. A model 
for long-run feed ingredient procurement planning 
under risk. 


ANTONIO C. PINHEIRO, Ph.D. lowa State 1978. Corn 
supply and water-nitrogen demand functions based 
on experimental data: The uncertainty case. 


CHIRMSAK PINTHONG, Ph.D. Stanford 1977. A price 
analysis of the Thai rice marketing system. 


Nimat F. RANAWEERA, Ph.D. California (Davis) 
1978. Land settlement in Sri Lanka: The Mahaweli 
Ganga Project. 


Joun A. REEDER, Ph.D. State University of New 
York (Buffalo) 1978. Corporate social involvement 
at the local level: A study of social responsibility 
in San Antonio, Texas. 


ROLAND L. REYNOLDS, Ph.D. Washington State 1977. 
Interrelationships between market structure and 
pollution abatement activities. 


Sreven K. Riccins, Ph.D. Cornell 1978. Corn mar- 
keting in western New York. 


James F. Roacu, Ph.D. New Mexico 1977. An eco- 
nomic model for the Rio Grande Drainage Basin, 
New Mexico. 


Git R. Ropricuez, Ph.D. Purdue 1978. The con- 
sideration of risk in agricultural policies: The 
Philippine experience. 


JEFFREY S. Rover, Ph.D. Iowa State 1978. A general 
non-linear programming model of a producers co- 
operative association in the short run. 


Eucenta M. RusinsTeIn, Ph.D. Minnesota 1977. 
The economics of foot and mouth disease control 
and its associated externalities. 


FRED M. RUKANDEMA, Ph.D. Cornell 1978. Resource 
availability, utilization, and productivity on small- 
scale farms in Kakamega District, western Kenya. 


Wittiam H. SAanper, Ph.D. Cornell 1978. Some 
economic, institutional, and political aspects of 
irrigation planning and development: Lessons from 
the Bureau of Reclamation experience. 

ORHAN SAYGIDEGAR, Ph.D. Iowa State 1977. Analysis 
of interaction between soil conservation and agri- 
cultural production in the United States using a 
multigoal linear programming model. 


Aut SHAMS, Ph.D. Southern Illinois 1977. The feasi- 
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bility of solar house heating: A study in applied 
economics, 


Basi M. H. Suarp, Ph.D. Wisconsin (Madison) 
1978. The economics of managing water quality: 
A multiobjective analysis of alternative policies. 


Rosin N. SHaw, Ph.D. Cornell 1977. Universal 
product code scanning systems: The retail experi- 
ence 1974-76. 


William Sims, Ph.D. Toronto 1978. The economics 
of sewer affluent charges. 


James L. SMITH, Ph.D. Harvard 1977. Bidding be- 
havior for offshore petroleum leases. 


Nancy M. Snyper, Ph.D. Southern Illinois 1977, 
The relative income distribution effects of energy 
price changes. 


AUGUSTO C. Soares, Ph.D. Ohio State 1977. Re- 
source allocation and choice of enterprise under risk 
on cotton farms in northeast Brazil. 


Joun D. Spriccs, Ph.D. Minnesota 1977. An econo- 
metric analysis of the factors affecting Australia's 
grain exports. 


RUANGDE) SRIVARDHANA, Ph.D. Colorado State 1977. 
Water uses and an optimizing model of water 
pollution. 


JerFReyY C. STIER, Ph.D. Wisconsin (Madison) 1977. 
The economics of a dual externality: Agriculture 
and Canada geese in Wisconsin. 


Epwarp C. Tuor, Ph.D. California (Berkeley) 1978. 
An economic framework for wildland planning 
decision making. 

WALLACE E. ‘Tyner, Ph.D. Maryland 1977. - Energy 
resource development and economic development 
in India. 


Fanrt M. Unsat, Ph.D. Cornell 1978. The impact 
of an alternative price policy which incorporates 
transportation and storage costs into the set of 
TMO purchase and sale prices with Kenya as a 
base. 


PETER J. VAN BLOKLAND, Ph.D. Illinois 1977. The 
economic consequences of hail suppression and 
demand in 1985 on foodgrains, feedgrains, and 
oilmeals in the United States. 


Davip J. WALKER, Ph.D. Iowa State 1977. An eco- 
nomic analysis of alternative environmental and 
resource policies for controlling soil losses and 
sedimentation from agriculture. 


Ropney L. WALKER, Ph.D. Purdue 1978. Short-run 
policies for the U.S. grain and livestock sectors: 
An application of control theory. 


Frank A. WARD, Ph.D. Colorado State 1977. The 
welfare effects of a market allocation of an ex- 
haustible resource. 


MICHAEL K. WOHLGENANT, Ph.D. California (Davis) 
1978. An economic analysis of the dynamics of price 
determination: A study of the California grape- 
wine industry. 
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CHARLES L. WRIGHT, Ph.D. Ohio State 1977. The 
economics of grain transportation and storage: A 
Brazilian case study. 

Mına Wu Wu, Ph.D. Michigan State 1978. Supply 
response and production outlook for tart cherries 
in Michigan. 


Manpower, Labor, and Population; including 
Trade Unions and Collective Bargaining 


JoHN ABowD, Ph.D. Chicago 1977. An econometric 
model of the U.S. market for higher education. 

STEVEN G. ALLEN, Ph.D. Harvard 1978. Absenteeism 
and the labor market. 

NEIL ALPER, Ph.D. Pittsburgh 1977. The impact of 
the cognitive and noncognitive aspects of education 
on skilled workers: A case study. 

Joser M. ANDERSON, Ph.D. Harvard 1977. An 
economic-demographic model of the U.S. labor 
market. 

WILLIAM C. APGAR, JR., Ph.D. Harvard 1978. Oc- 
cupational, industrial, and geographica! mobility: 
A human capita! approach. 

AYSE ARITURK, Ph.D. Johns Hopkins 1978. General 
equilibrium effects of Turkish migration. 

ABDOLHI ARMAND, Ph.D. Maryland 1976. The rate 
of return to education in Iran. 

HAROLD E. BANGUERO, Ph.D. North Carolina (Chapel 
Hill) 1977. The social and economic determinants 
of fertility in Columbia. 

JupITH BANISTER, Ph.D. Stanford 1977. The current 
vital rates and population size of the People’s 
Republic of China and its provinces. 

ROBERTA BARNES, Ph.D. Michigan 1977. Household 
composition effects on household expenditure 
patterns. 

HENRY BARTEL, Ph.D. Indiana 1978. An economic 
model of the short-run demand for higher educa- 
tion in Indiana: A human capital approach. 

MOHAMMAD M. BEHKISH, Ph.D. Indiana 1977. Eco- 
nomics of investing in human capital: The case of 
Iran. 

CHRIS J. BERGER, Ph.D. Wisconsin (Madison) 1978. 
An examination of operant conditioning and ex- 
pectancy theory accounts of instrumental work 
behavior and satisfaction. 

Yves R. Bizien, Ph.D. Tufts 1977. Population and 
economic development. 

ARTHUR E. BLAKEMORE, Ph.D. Southern Illinois 1977. 
The dynamics of unionization, the industrial struc- 
ture, and wage inflation. 

Davip J. Bowen, Ph.D. California (Berkeley) 1977. 
Teacher collective bargaining and multilateralism. 
RICHARD A. BRADLEY, Ph.D. California (Riverside) 
1977. Some economic aspects of fertility behavior. 


ANDREW W. BRAUNSTEIN, Ph.D. Rutgers 1978. Labor 
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supply behavior of female heads of households: 
Extending the classical model to a dynamic frame- 
work. 


CHARLES H. BREEDEN, Ph.D. Virginia Polytechnic 
Institute 1977. Third-party effects and labor entitle- 
ments: An economic perspective. 


BILLIE ANN BROTMAN, Ph.D. Notre Dame 1978. The 
impact of the NLRB’s deferral policy on unfair 
labor dispute settlements involving unilateral 
changes in working conditions and discriminatory 
practices. 


WADSWORTH S. CaucHois, JR., Ph.D. California 
(Davis) 1977. Federal manpower programs in San 
Joaquin County, 1963-73: Magnitudes and impacts. 


STEPHEN CHAIKIND, Ph.D. City (New York) 1978. 
The quality adjusted demand for public elementary 
school teachers: A labor market analysis. 


CLARENCE M. Connon III, Ph.D. South Carolina 
1978. The effects of achievement motivation and 
socioeconomic background on the earnings of 
young men. 


MARGUERITE M. CONNERTON, Ph.D. Harvard 1978. 
Accident control through regulation: The 1969 Coal 
Mine Health and Safety Act experience. 


JosEPpH Corpes, Ph.D. Wisconsin (Madison) 1977. 
The economics of “actual” compensation: A theo- 
retical and empirical perspective. 


ROBERT F. CoTTERMAN, Ph.D. Chicago 1978. A theo- 
retical and empirical analysis of the labor supply 
of “older” males. 


JOHN W. Danssy, Ph.D. Kentucky 1976. Inventories 
and orders in a model of industrial layoffs. 


LEIF DANZINGER, Ph.D. Yale 1978. The theory of 
optimal labor contracts. 


Tuomas F. Davis, Ph.D. Pittsburgh 1976. Measuring 
the convergence of incomes and its affect upon fer- 
tility decisions: The American experience, 1947-73. 


CARL J. DEMERY, Ph.D. Wayne State 1977. An esti- 
mate of the empirical relationship between urban 
labor force participation, industrial specialization, 
unemployment rates, and city size. 


BARBARA DEVANEY, Ph.D. Michigan 1977. The labor 
supply of married women: An analysis of the alloca- 
tion of time to market and nonmarket activities. 


JoHN A. Drxon, Ph.D. Harvard 1978. Economic 
aspects of rural to rural migration and land set- 
tlement in East Asia. 


MartTIN Doovey, Ph.D. Wisconsin (Madison) 1977. 
An analysis of the labor supply and fertility of 
married women with grouped data from the 1970 
U.S. Census. 


JAMES E. DuGGAN, JR., Ph.D. Pennsylvania State 
1977. A time-series analysis of secondary labor 
force participation. 

Davip A. Dumont, Ph.D. State University of New 
York (Albany) 1977. Employment improvement, 
human capital, and secondary labor market aspects 
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of the Manpower Training Program in South 
Carolina. 


RANDALL W. EBERTS, Ph.D. Northwestern 1978. An 
economic analysis of municipal governments in a 
metropolitan setting. 


Lee E. Epiersen, Ph.D. Harvard 1978. The joint 
determination of the numbers, timing, and spacing 
of children. 


Ricuarp ELrLson, Ph.D. Florida 1977. The impact 
of metropolitan consolidation on fiscally induced 
migration: An econometric simulation approach. 


Jonn C. Evans, Ph.D. Chicago 1978. The social 
opportunity cost of labar in Canada. 


Henry S. FARBER, Ph.D. Princeton 1977. The United 
Mine Workers and the demand for coal: An econo- 
metric analysis of union behavior. 


SHAHROKH FarpDousT, Ph.D. Pennsylvania 1978. 
Risk-taking behavior, socioeconomic background, 
and distribution of income: A theoretical and 
empirical analysis, 

Jack Frisco, Ph.D. Princeton 1978. The interstate 


variation in workers ccmpensation: A neoclassical 
and a radical explanation. 


CAROL A. GAMBILL, Ph.D. Missouri (Columbia) 1978. 
A conceptual framework for a comprehensive labor 
market information systzm. 


ROBERT GITTER, Ph.D. Wisconsin (Madison) 1978. 
A simultaneous equation model of the labor force 
participation rate of prime age males. 


ITZHAK GOLDBERG, Ph.D. Chicago 1977. Enforcement 
of work discipline: An economic analysis. 


AMYRA GROSSBARD, Ph.D. Chicago 1978. The eco- 
nomics of polygamy. 


ROBERT P. HAGEMANN, Ph.D. Florida State 1977. 
An economic demographic regression model for 
projecting K-12 public school enrollments: The 
case of Florida. 


JOAN Hannon, Ph.D. Wisconsin (Madison) 1977. 
The immigrant worker in the promised land: 
Human capital and ethnic discrimination in the 
Michigan labor market, 1888-90. 


CiirForD B. Hawtey III, Ph.D. Duke 1977. The 
effects of labor market distortions on real wages: A 
general equilibrium analysis. 


MartTHA HILL, Ph.D. Michigan 1977. The decision by 
young adults to split off from their parents’ house- 
holds. 


CHIRA HONGLADAROM, Ph.D. Washington 1978. The 
effect of child mortality on fertility in Thailand. 


Joun J. Hoover, Ph.D. Notre Dame 1978. The 
impact of industrial organization on industrial 
relations as applied to conglomerate corporations 
and coalition bargaining. 


RoserT N. Horn, Ph.D. New Hampshire 1978. Labor 
market segmentation in New England: Empirical 
and case studies. 
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Mary J. Horney, Ph.D. Duke 1977. Household 
decision making: A game-theoretic approach. 


CuuNn-YANG Hsu, Ph.D. North Carolina State 1977. 
Education, production, and labor substitution in 
agriculture. 


Jonn F. HuLpxe, California (Berkeley) 1977. Equal 
employment opportunity/affirmative action- pro- 
grams in banks: Why some programs succeed where 
others fail. 


Louis S. Jacosson, Ph.D. Northwestern 1977. Earn- 
ings losses and worker displacement when employ- 
ment declines in the steel industry. 


Tuomas M. KickHaM, Ph.D. Pittsburgh 1977. A 
micro-economic analysis of the relationship between 
American savings and fertility: 1950-70. 


RANDALL H. Kinc, Ph.D. Ohio State 1978. The 
labor market consequences of dropping out of high 
school. 


Davip R. KNow_es, Ph.D. Washington State 1978. 
Evaluating the impact of federal counterreces- 
sional job creation programs within the state of 
Washington. 


WILLIAM KRUSE, Ph.D. State University of New York 
(Binghamton) 1978. Earnings of young males: A 
human capital approach. 


Ira T. Lapipes, Ph.D. Tennessee (Knoxville) 1978. 
Long-run returns from vocational training and the 
“Screening Hypothesis”: A follow-up study. 


JOANNE LINNEROOTH, Ph.D. Maryland 1977. The 
evaluation of public programs affecting population 
mortality. : 


Barry McCormick, Ph.D. Massachusetts Institute 
of Technology 1977. Aspects of labor markets: 
Three essays. 


M. Brian McDonaLp, Ph.D. Pennsylvania 1978. 
The distribution and production of education: A 
disaggregate analysis. 


INDRA MAKHIJA, Ph.D. Chicago 1977. The economic 
contribution of children and its effects on fertility . 
and schooling: Rural India. 


Davip H. Matmauist, Ph.D. City (New York) 
1978. A lagged adjustment model of foreign worker 
migration to the Federal Republic of Germany. 


STEVEN MANASTER, Ph.D. Chicago 1977. Wage ad- 
justments to anticipated and unanticipated in- 
flation. 


FRANK MARTIN, Ph.D. Tulane 1977. Occupational 
redistribution as a source of economic growth. 


Linpa G. MARTIN, Ph.D. Princeton 1978. Measuring 
completeness of death registration in destabilized 
populations. 


ARTHUR C. MEAD, Ph.D. Boston College 1978. Migra- 
tion and employment growth in nonmetropolitan 
areas of the United States: 1960-70. 


FATHOLLA Mizra-BAGHERI, Ph.D. Pennsylvania 1978. 
Distributional impacts of macro-economic fluctua- 
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tion on the structure of earnings: A longitudinal 
approach. : 

Davip A. Mornar, Ph.D. Harvard 1977. Regional 
wage differentials: A multisector analysis. 

Mark J. Morziock, JR., Ph.D. Washington State 
1978. Public service employment as a manpower 
policy. 

RANDALL OLsen, Ph.D. Chicago 1977. An econo- 
metric analysis of family labor supply. 


LYNN PARINGER, Ph.D. Wisconsin 1978. Determinants 
of work loss and medical care utilization for specific 
illnesses. 


JEFFREY M. PerLorr, Ph.D. Massachusetts Institute 
of Technology 1977. The wage change process in 
the construction industry. 


Corus PHivires, Ph.D. Syracuse 1977, An econo- 
metric analysis of the income distribution effects of 
the Manpower Development and Training Act. 

Lise Pountn-Simon, Ph.D. McGill 1977. Le loisir 
industriel et le chômage au Canada: Une histoire 
économique, 

JOHN RAISIAN, Ph.D. California (Los Angeles) 1978. 
Cyclic variations in hours, weeks, and wages. 

JONATHAN B. RATNER, Ph.D. Yale 1978. Costs of 
labor adjustment and the demand for labor: A case 
study in the microfoundations of macroeconomics, 

MICHELLE Ripoup, Ph.D. Chicago 1977. An analysis 
of earnings distribution in France. 

W. CRAIG RIDDELL, Queen’s (Kingston) 1977. The de- 
terminants of negotiated wage changes in Canadian 
industry, 1953-73; A study based on wage contract 
data. $ 

Mario Rizzo, Ph.D. Chicago 1977. Rents, property 
values, and the cost of crime to victims. 

CHRISTOPHER ROBINSON, Ph.D. Chicago 1977. Al- 
location of time across the day: An analysis of the 
demand and supply of shiftworkers. 

Jack L. RopGers, Ph.D. Minnesota 1977. The effects 
of college quality on earnings. 


ERNESTO Q. RopriGuEz, Ph.D. Pittsburgh 1976. 


Interstate labor force migration in Mexico: 1960- 
70, 


ROBERT A, ROSENTHAL, Ph.D. Boston 1978. Obstacles 
to the diffusion of worker participation. 


RusseLL T. Ross, Ph.D. Duke 1977. Female labor 
supply in New Zealand. 


STEPHEN A. RUBENFELD, Ph.D. Wisconsin (Madison) 
1977. Urban transit: Public ownership and collec- 
tive bargaining. 

Ropert S. Rycrort, Ph.D. Maryland 1978. Aspects 


of the labor market for young men: Labor supply 
and unemployment. 


ANDRE Sarin, Ph.D. Johns Hopkins 1978. External 
migration in a growing labor-managed economy: 
The case of Yugoslavia. 
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SANDRA SCHICKELE, Ph.D. Chicago 1977. The social 
opportunity cost of urban labor in the United 
States. 

Rosert H. Scunorsus, Ph.D. Case Western Reserve 
1978. Labor market segmentation: A study of bar- 
riers to occupational mobility. 


ARTHUR SCHWARTZ, Ph.D. Michigan 1978. The effect 
of benefits and overtime costs on the short-run 
cyclical demand for labor in the automobile in- 
dustry in Michigan. 

Vep P. SHARMA, Ph.D. Washington (St. Louis) 1977. 
An economic analysis of fertility behavior in India. 
RICHARD G. SHEEHAN, Ph.D. Boston College 1978. 
Wage-price controls and the aggregate real wage. 
DAVIMDER SINGH, Ph.D. South Carolina 1978. Wage 
determination in U.S. manufacturing industries, 

1958-72: A collective bargaining approach. 

RICHARD H. STECKEL, Ph.D. Chicago 1977. The eco- 
nomics of U.S. slave and southern white fertility. 

SUDARSONO, Ph.D. Tennessee (Knoxsville) 1977. 
The degree of responsiveness of the Tennessee labor 
force, 1970: A cross-sectional analysis by county. 

DANIEL SUMNER, Ph.D. Chicago 1978. Off-farm labor 
supply and earnings of farm family members. 

GeoRGE TAUCHEN, Ph.D. Minnesota 1978. The 
minimum wage and job search. 

NIGEL Tomes, Ph.D. Chicago 1978. A model of child 
endowments, and the quality and quantity of chil- 
dren. 

Mal-TRANG THI Nuvu TRAN, Ph.D. Southern Ilinois 
1978, The derivation and analysis of human resource 
proxies utilizing principal component analysis. 

JOHN G. TREBLE, Ph.D. Northwestern 1978. On the 
theory of interregional migration. 

JoHN A. TURNER, Ph.D, Chicago 1977. The effect of 
fertility on the distribution of earnings. 


Joe U. Umo, Ph.D. Indiana 1978. Economics of 
human capita! production and investment: The case 
of Nigerian higher education. 


ALEJANDRO VELEZ, Ph.D. Florida 1977. An economic 
analysis of the fertility of male-headed Spanish 
origin households in the United States in 1970. 


RICHARD Victor, Ph.D. Michigan 1977. The effects 
of municipal unionism on wages and employment. 


Davip G. WAGAMAN, Ph.D. Nebraska (Lincoln) 1977. 
Public employee impasse resolution: A historical 
examination of the Nebraska experience with some 
comparisons to the New York experience. 


CHARLES P. WEBER, Ph.D. Wayne State 1977. A sur- 
vey and analysis of wage determination for public 
employees in the Detroit, Michigan area. 


GREGORY C. WEEKS, Ph.D. Washington State 1977. 
The dual labor market, the Phillips curve, and the 
class conflict business cycle: A synthesis. 


Sternen D. Wilson, Ph.D. West Virginia 1978. 
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Optimization of Army enlisted accessions through 
variable rates of pay. 


PETER WraGE, Ph.D. Indiana 1978. A human capital 
approach to regional earnings disparities and the 
ameliorating effects of labor migration. 


STEPHEN L. ZaBor, Ph.D. Northwestern 1977. The 
measurement and analysis of executive compensa- 
tion. 


Welfare Programs; Consumer Economics; 
Urban and Regional Economics 


JEFFREY L. ADAMS, Ph.D. Pittsburgh 1976. The costs 
of and benefits from reducing hospital employee 
turnover, 


James R. ANDERSON, Pa.D. Florida State 1978. 
The economic value of graduate study sponsored by 
the U.S. Air Force. 


RUTH ANDRESS, Ph.D. South Carolina 1977. The 
role of attitudes in the labor force participation 
of married women. 


Noran H. Barker, JR., Ph.D. Virginia Polytechnic 
Institute 1977. The federal food stamp and related 
in-kind commodity distributions: Economic history 
and evaluation in a public choice perspective, 


JupitH D. BENTKOvVER, Ph.D. Tufts 1978. An empiri- 
cal investigation of the impact of inflation and 
unemployment on public vis-a-vis private com- 
munity hospital utilization. 


PETER H. BoHLING, Ph.D. Massachusetts 1977. An 
- econometric model for determining poverty rates. 


KATHERINE L. BRADBURY, Ph.D. Massachusetts 
Institute of Technology 1977. Bouin supply in a 
metropolitan area. 


Joser M. Broper, Ph.D. Michigan State 1977. The 
provision of court services: An inquiry into the al- 
location of opportunities to rural communities. 


Joun L. BuNGUM, Ph.D. Nebraska (Lincoln) 1977. 
A study of selector aspects of textbooks and text- 
book writers in internaticnal economics, 1945-74, 


Burke K. BurriGut, Ph.D. California (Los Angeles) 
1977. Cities and travel: An aggregate, equilibrium 
model of urban travel volumes, traffic congestion, 
and land area. 


Sreven T. Cait, Ph.D. Indiana 1977. The sewage 
treatment service: Economies of scale and optimal 
industrial surcharge strategies. 


GERALD A. CARLINO, Ph.D. Pittsburgh 1976. Ag- 
glomeration of manufacturing activity in metropoli- 
tan areas: Theory and measurement. 


WILLIAM J. CARROLL, Ph.D. Pennsylvania State 1977. 
Measuring the impact of government activity using 
residential housing values: A comparison of time- 
series and cross-sectional approaches. 

Karu E. Case Il, Ph.D. Harvard 1977. Intrajurisdic- 
tional variation in effective rates of property taxa- 
tion. 


DOCTORAL DISSERTATIONS 1023 


CONSTANTINOS A. CHRISTOFIDES, Ph.D. Lehigh 1977. 
An econometric model for the northeastern Penn- 
sylvania region. 


Hore Corman, Ph.D. City (New York) 1978. The 
effects of apprehension, conviction, and incarcera- 
tion on crime in New York State. 


Henry Croucu, Ph.D. South Carolina 1977. Three 
essays on wage differentials between white males 
and females. 


DonaLD J. Cymrot, Ph.D. Brown 1978. An eco- 
nomic analysis of private pensions. 


GEsTUR B. Davipson, Ph.D. Minnesota 1978. Man- 
power substitutions and hospital efficiency. 


Davip M. DE FERRANTI, Ph.D. Princeton 1978. Tests 
of seven hypotheses on welfare dependency and 
family disintegration. 

Douatas B. Diamonp, Ph.D. Chicago 1978. Income 
and residential location in urban areas. 


KeitH D. Epwarps, Ph.D. Pittsburgh 1977. Cost 
benefit implications of a city day care program. 


Sena EKEN, Ph.D. Pittsburgh 1976. General equilib- 
rium analysis of local taxes and expenditures: A 
case study of the Pittsburgh SMSA. 


KATHLEEN F. FELDSTEIN, Ph.D. Massachusetts Insti- 
tute of Technology 1977. The economics of public 
libraries. 


BARRY FISHMAN, Ph.D. California (Los Angeles) 
1977. A simple robust test of the empirical relevance 
of local public services and neighborhood char- 
acteristics in the choice of residential location. 


DIANE FLAHERTY, Ph.D. New York 1978. Decen- 
tralization: Workers’ control and regional income 
differences in Yugoslavia. 


JACOB GESTHALTER, Ph.D. City (New York) 1978. 
Economic analysis of mother’s education on the 
child’s health and the demand for health inputs. 


FRANK D. GIANFRANCESCO, Ph.D. Maryland 1976. 
Insurance and medical care expenditure: A theoreti- 
cal analysis of market efficiency. 


Joun M. Grana, Ph.D. Massachusetts 1978. The im- 
pact of reimbursement mechanisms on management 
decision making in the long-term health care in- 
dustry in Massachusetts. 


DIANNE GREEN, Ph.D. Pittsburgh 1977. Some effects 


of social security programs on income distribution 
in Costa Rica. 

TIMOTHY J. GRONBERG, Ph.D. Northwestern 1978. 
The interaction of markets in housing and local 
public goods: A simultaneous equations approach. 

RONALD J. GUNDERSON, Ph.D. Nebraska (Lincoln) 
1977. The determination of structural differences 
influencing the growth of the rural Old West region. 

HaMILTON W. HELMER, Ph.D. Yale 1978. The Ver- 
mont economy, 1950-70: A study of regional 
growth. 


ROBERT J. HicusmirH, Ph.D. Indiana 1978. An 
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economic inquiry into the production and distribu- 
tion of police services. 


SauL HorrMan, Ph.D. Michigan 1977. Discrimination 
over the life cycle: A longitudinal analysis of black- 
white experience-earnings profiles. 


Jonn M. Horne, Ph.D. Carleton 1978. Copayment 
and utilization of publicly insured hospital services 
in Saskatchewan: An empirical analysis. 


ALLEN Hyman, Ph.D. California (Los Angeles) 1978. 
Law and economics of local government annexation 
and boundary change. 


Keitu R. IHLANFELDT, Ph.D, Washington (St. Louis) 
1978. Moving costs and the demand for housing. 


STEPHEN S. IRVINE, Ph.D. Tennessee (Knoxville) 1978. 
A study of state per capita income differentials with 


special reference to South-non-South differentials, 
1950, 1960, and 1970. - 


Susan S. JAcons, Ph.D. Brown 1978. A theoretical 
analysis of airport location and negative externality: 
Optimality, efficiency, and equity. 

MANUEL H. JOHNSON, Ph.D. Florida State 1977. An 
assessment of the impact of nuclear power plant 
construction and operation on small regions. 


GREGORY KILGARIFF, Ph.D. Notre Dame 1977, Impact 
of inflation on urban areas in the state of New York. 


Rickey C. KIRKPATRICK, Ph.D. Tulane 1978. Sources 
of regional comparative advantage in U.S. manu- 
facturing industries. 


BRIAN LEBowi1TZ, Ph.D. Yale 1977. An economic ap- 
proach to criminal sentencing. 


Keir B. LEFFLER, Ph.D. California (Los Angeles) 
1977. An economic analysis of physician licensure. 


WILHELMINA LEIGH, Ph.D. Johns Hopkins 1978. An 


analysis of the growth of the stock of housing as an ° 


indicator of the growth of housing services in the 
United States, 1950-70. 


PETER LINNEMAN, Ph.D. Chicago 1977. An analysis 
of the demand for residence site characteristics. 


Barry A. Love, Ph.D. Virginia 1978. An economic 
evaluation of the Food Stamp Program. 

James C. Lyncu, Ph.D. Utah 1978. Income generat- 
ing crimes: An economic approach to crime causa- 
tion. 

Bruce F. McErroy, Ph.D. California (Berkeley) 
1978. Unit pricing six years after introduction: An 
analysis and an extension. 

William J. McGuire, Ph.D, North Carolina (Chapel 
Hill) 1978. An economic model of criminal correc- 
tional institutions: Empirical cost analysis and cost 
benefit measures, 

WiLtuiaM McNaucut I, Ph.D. Harvard 1978. The 
simulation of search behavior in urban housing 
markets. 


Ross A. Marcou, Ph.D. Princeton 1977. Studies of 
community homogeneity. 
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STEPHEN MARGCLIs, Ph.D. California (Los Angeles) 
1978. Depreciation of capital in housing. 


RASOOL MASOOMIAN, Ph.D. State University of New 
York (Binghamton) 1978. Housing demand: A case 
study of Tehran. 


JOHN MULLEN, Ph.D, State University of New York 
(Binghamton) 1978, Consequences of replacing im- 
plicit subsidies with direct student grants on benefit 
incidence and enrollment in higher education. 


VALERIE NELSON, Ph.D. Yale 1977. Public provision 
and private markets: A case study of vocational 
education. 


Laura Nowak, Ph.D. City (New York) 1978. An 
evaluation of the Federal-State Rehabilitation Pro- 

gram in New Jersey as a means of income replace- 
ment. 


MEHMET A. ODEKON, Ph.D. State University of New 
York (Albany) 1977. The impact of education on the 
size distribution of earnings in Turkey. 


CLINTON V. OSTER, JR., Ph.D. Harvard 1978. The 
structure of intraurban household travel. 


A. MEAD Over, JR., Ph.D. Wisconsin (Madison) 1978. 
On the estimation of the primary care production 
function where output is an unobservable variable. 


GEORGE PALUMBO, Ph.D. Syracuse 1977. The impact 
of public employment on employment levels in 
major metropolitan areas. 


IrscHAK D. Paris, Ph.D. Brown 1978, The distribu- 
tion of city sizes: Some aspects of mobility and 
change. 


TAN C. PARKER, Ph.D. Yale 1977. Studies in the eco- 
nomics of education. 


MauesuH K. Popar, Ph.D. Pennsylvania State 1978. 
A benefit-cost analysis of fuel economy standards 
for passenger cars: Model years, 1981-84. 


WILLIAM R. Poxkross, Ph.D. Pittsburgh 1977. The 
occupational participation of younger black men: 
Variation among and recent changes in the larger 
metropolitan areas. 


WILLIAM E. Rosen, Ph.D. California (Davis) 1978. 
Externalities in central city and suburban crime: A 
simultaneous crime supply-police expenditure 
model. 


Louis F. Rossiter, Ph.D. North Carolina (Chapel 
Hill) 1977. A transcendental production function 
for health services: The community pharmacy. 


ROBERT F. ScHLack, Ph.D. Wayne State 1977. 
Residential land use patterns and local public 
policies: A study of the Detroit metropolitan area. 


Max M. SCHREIBER, Ph.D. South Carolina 1978. The 
development of the southern United States: A test 
for regional convergence and homogeneity. 


JAMES A. SCHUTTINGA, Ph.D. Massachusetts Institute 
of Technology 1977. Three empirical essays on the 
economics of hospital care.’ 
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Bruce A. SEAMAN, Ph.D. Chicago 1978. A positive 
analysis of government cultural subsidies. 


ROBERT A. SHAKOTKO, Ph.D. Minnesota 1977. 
Health, unobservable variables, and household 
decision making. 

ROBERT SHEEHY, Ph.D. Florida 1977. An econo- 
metric analysis of consumer demand in Florida. 

Joun M. Simpson, Ph.D. Minnesota 1978. The 
charity market: An analysis of United: Way. 

SHELDON STEIN, Ph.D. Johns Hopkins 1978. Social 
security, interest rates, and life cycle consumption. 

ROBERT L. Strout, Ph.D. Pennsylvania State 1978. 
An economic analysis of the relationship of educa- 
tional expenditures and migration in Pennsylvania 
counties, 1960-70. 

VELMA THOMPSON, Ph.D. California (Los Angeles) 
1978. Inefficient labor market discrimination under 
competitive conditions. 

CRAIG THORNTON, Ph.D. Johns Hopkins 1978. Zon- 
ing, apartments, and land use interactions. 

EuGcenia L. Toma, Ph.D. Virginia Polytechnic In- 
stitute 1977. The economic organization of public 
education in the United S-ates. 

Gorpon R. Tus, Ph.D. Nebraska (Lincoln) 1977. 
Effects of clients’ socioeconomic characteristics and 


institutional variables on utilization of community ` 


mental health care: A case study. 
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RoLanD E. Usocu, Ph.D. State University of New 
York (Albany) 1978. Highway congestion, work 
staggering, optimal tolls, and residential location: 
Three essays in transportation and urban eco- 
nomics. 


BULENT Uyar, Ph.D. Pittsburgh 1977. Industrial- 
occupational employment projections: Pittsburgh 
SMSA. 


JOSEPH J. VALENZA, Ph.D. George Washington 1977. 
Residential rehabilitation. 


ROGER J. VAUGHAN, Ph.D. Chicago 1977. The value 
of urban open space. 


MICHAEL VERNARELLI, Ph.D. State University of New 
York (Binghamton) 1978. Locational distortion and 
black ghetto expansion. 


ALFRED J. WATKINS, Ph.D. New School 1978. Uneven 
development in the U.S. system of cities. 


CAROLYN L. WEAVER, Ph.D. Virginia Polytechnic 
Institute 1977. The emergence, growth, and redirec- 
tion of social security: An interpretive history from 
a public choice perspective. 


Jack L. WERNER, Ph.D. Pennsylvania State 1977. 
The effects of insurance on hospital utilization and 
cost: A simultaneous equations model. 


STEVEN P. WILKINSON, Ph.D. Southern Illinois 1977. 
The effect of state and federal funding on equality 
of education expenditure. 
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ANNOUNCEMENT 


NOTICE TO ALL GRADUATE DEPARTMENTS 


The December 1979 issue of the Review will carry the seventy-sixth list of doctoral dissertations in political 
economy in American universities and colleges. The list will specify doctoral degrees conferred during the aca- 
demic year terminating June 1979. This announcement is an invitation to send us information for the prepara- 


tion of the list. This announcement supersedes and replaces a letter which was sent annually from the managing 
editor’s office, 


The Review will publish in its December 1979 issue the names of those who will have been awarded the doctoral 
degree since June 1978 and the titles of their dissertations. Dissertation abstracts will no longer be published, as 
these are published elsewhere. 


By June 30, please send us this information on 3 x 5 cards, conforming to the style shown below, one card for 
each individual. Please indicate by a classification number in the right-hand corner the field in which the thesis 
should be classified. The classification system is that used by the Journal of Economic Literature and printed in 
every issue. 





JEL Classification No, meem 
Name: LAST NAME IN CAPS: First Name, Initial 


Institution Granting Degree: 
Degree Conferred (Ph.D. or D.B.A.) ———— Year 


Dissertation Title: 





When degrees in economics are awarded under different names, such as Business Administration, Public Admin- 
istration, or Industrial Relations, candidates in these fields whose training has been primarily in economics should 
be included. 


All items and information should be sent to the Assistant Editor, American Economic Review, Box Q, Brown 
University, Providence, Rhode Island 02912. 


The following Statement of Ownership, Management, and Circulation is provided in accordance with the re- 
quirements, as contained in 39 U.S. Code 3685. The American Economic Review is owned, managed, and pub- 
lished by the American Economic Association, a nonprofit educational organization, located at 1313 21st Ave- 
nue So., Nashville, Davidson County, Tennessee 37212. The Managing Editor is Professor George H. Borts, 
American Economic Review, Brown University, Robinson Hall, Providence, R.1. 02912. During the preceding 12 
months the average number of copies printed for each issue was 27,765, the average paid circulation, 24,498; the 
average free distribution, 390; the average number of copies distributed, 24,888. Corresponding figures for the 
last issue before filing: 28,000 total number copies printed; 23,241 total paid circulation; 393 free copies distri- 
buted; 23,63] total distribution. 





The Productivity Dilemma 

Roadblock to Innovation in the Automobile Industry 

William J. Abernathy 

“Abernathy provides a workable theory to explain the link between declining 
product innovation and industrial development that has so frequently been 
observed in mass production industries. His in-depth analysis provides new 
information and insight not only about the auto industry but also about the mass 
production product innovation quandry in other industries. . . . This is a 
pioneering work and one that may well become a landmark in the new field of 
the management of technology.” — Alfred D. Chandler, Jr., Harvard Business 
School $16.00 


Can We Afford Early Retirement? 

Frank M. Kleiler 

` Early retirement — before the age of sixty-five-—is becoming part of the 
American way of life. This book examines the high social and economic costs 
of maintaining a growing percentage of “early retirees” on public and private 
pension programs, and details, too, the rise in pension abuse by the “working 
retiree” who receives a pension check from one job and a paycheck from 
another. Policy Studies in Employment and Welfare, Number 32 $8.95 


Coming of Age in the Ghetto 

A Dilemma of Youth Unemployment 

A Report to the Ford Foundation 

Garth L. Mangum and Stephen F. Seninger 

High unemployment among disadvantaged youth is one of the most persistent 
clouds on the American economic horizon. This study gets to the root causes of 
inner city teenage unemployment — white migration out of the cities, deteri- 
orating urban economies, “dysfunctional life styles” — and proposes a compre- 
hensive strategy for improving this critical situation. A job alone is not enough, 
the authors caution. Dignity and positive career development for black and 
minority youth may depend as much on the source of income as on its amount. 
Policy Studies in Employment and Welfare, Number 33 $8.95 
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New Books from 
Resources for the Future 


Limiting Oil Imports 

An Economic History and Analysis 

Douglas R. Bohi and Milton Russell : 

What are the costs and consequences of limiting the import of foreign oil? This analysis of the 
1959-73 Mandatory Oil Import Program discusses the effectiveness of import quotas in reducing foreign 
oil consumption and points out the possible dangers in the use of a similar system in the context of 
current energy problems. i $22.50 


Natural Resource Commodities, 1870-1973 

Prices, Output, Consumption 

Robert S. Manthy 

For anyone concerned with natural resources and the recent history of the American economy, this is a 
basic reference. Here are presented nearly 200 tables that provide the basic data for analyzing most 
economic aspects of natural resources in this country for the past 100 years. Indexes are presented for 
natural resources as a whole, for each of the major groupings, and for each of the most important 
commodities. Summary charts and tables enable the reader to grasp the overall picture rapidly, while 
great detail is provided for deeper study of areas of particular interest. $25.00 


Rural Women at Work 

Strategies for Development in South Asia 

Ruth B. Dixon 

Development programs, says Ruth Dixon, must be aimed at improving the condition of the poorest 
sector of the world’s population — women. Her book outliries a development strategy based on 
producer cooperatives, owned and operated by women, to bring rural women into the workforce, pro- 
mote rural development, and encourage a decline in the birth rate. $15.00 


Research Papers 





Energy Use in the United States by State and Region Oil Prices and the Future of OPEC 


A Statistical Compendium of 1972 Consumption, The Political Economy of Tension and Stability in the 
Prices, and Expenditures Organization of Petroleum Exporting Countries 
Irving Hoch Theodore H. Moran 


The first comprehensive collection of data on state, Predictions of what will happen to the OPEC oil cartel 
regional, and national energy use, subdivided into if demand for oil drops, and its subsequent effects on 
energy source (petroleum, natural gas, electricity, etc.) the U.S. and other oil-importing countries. $5.75 
and sector (household, business, government). $15.00 


International Comparisons of Energy Consumption 
edited by Joy Dunkerley ; 

A survey of current research on international energy 
comparisons: technical and methodological problems, 
comparisons of energy use in specific industries, im- 
plications for energy policies. $7.50 


Published by 


JOHNS HOPKINS 


The Johns Hopkins University Press + Baltimore, Maryland 21218 
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Announcing a new series of World Bank Research Publications 





The Planning of Investment Programs 
edited by Alexander Meeraus and Ardy J. Stoutjesdijk 


Designed to provide a useful tool for the practical planner as well as the student 
of development planning, this new series of research publications offers a system- 
atic epproach to investment planning in the public and private sectors and its 
application in specific subsectors such as the fertilizer, forestry, steel, and cement 
industries. Each volume of the series is entirely self-contained, requiring no prior 
knowledge of either mathematical programming or the specific industry under 
question. 


The Planning of Industrial Investment Programs 

A Methodology 

David A. Kendrick and Ardy J. Stoutjesdijk 

This volume is a detailed introduction to the methodology employed in this series: the use of 
mixed-integer programming to analyze investment problems in the presence of economies of 
scale, Readers unfamiliar with such programming techniques will find this book useful in under- 
standing subsequent volumes in the series. $5.95 paperback; $12.50 hardcover 


The Planning of Investment Programs in the Fertilizer Industry 
Armeane M. Choksi, Alexander Meeraus, and Ardy J. Stoutjesdijk 

Dealing specifically with the formulation of sector-wide investment programs in the fertilizer 

industry, this volume discusses the main products and processes relevant to production and offers 

a systematic description of the type of planning problems that need to be addressed during the 

project identification phase. A detailed case study reports on an application of the planning 

methodology to the Egyptian fertilizer sector. $6.95 paperback; $16.95 hardcover 





Urban Economic and Planning Models 

Assessing the Potential for Cities in Developing Countries 

Rakesh Mohan 

Can techniques used in modeling urban areas of industrialized nations also be effectively employed 
in cities in the developing world? This book, one of the first to explore such possibilities, evalu- 
ates both theoretical economic models and policy-oriented models on the basis of their usefulness 
as predictive and planning tools and in the light of the rapidly changing conditions of cities in 
the Third Woric. $5.50 paperback 


Twenty-five Years of Economic Development, 1950 to 1975 
David Morawetz 

Between 1950 and 1975, per capita incomes grew more rapidly in developing countries than in 
developed nations. But the high average growth rate masks an increasing gap between the “rich” 
and “poor” nations of the Third World. “An excellent book [that] traces the changing objectives 
of development and contains a very useful analysis of growth in the developing countries.” — 
Hubert H. Humphrey $3.95 paperback; $8.50 hardcover 


Published by 


JOHNS HOPKINS 


The Johns Hopkins University Press + Baltimore, Maryland 21218 
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UNIVERSITY OF PETROLEUM 
AND MINERALS 


DHAHRAN, SAUDI ARABIA 


The University of Petroleum and Minerals, Dhahran, Saudi Arabia, will have Pro- 
fessorial positions (all ranks), open for the Academic Year 1979-80, starting 
1 September 1979 in Business and Industrial Administration (Undergraduate 
and MBA) including the following fields: 


Economics, Marketing, Accounting, Management, Opera- 
tions Management, Operations Research, Organizational 
Behavior, Finance, Personnel, International Business, and 
Information Systems. 


PhD degree and teaching experience preferred. 


Minimum regular contract for two years, renewable. Competitive salaries and 
allowances, air conditioned and furnished housing provided. Free air transpor- 
tation to and from Dhahran each two-year tour. Attractive educational assistance 
grants for school-age dependent children. All earned income without Saudi 
taxes. Ten months duty each year with two months vacation paid and possibility 
of participation in University’s ongoing Summer Program with good additional 
compensation. 


Apply with complete resume on Academic and Professional background, list of 
references, a complete list of publications with clear indication of those papers 
published in refereed professional magazines/journals, research details, and 
with copies of transcripts/degrees/testimonials, including personal data such 
as family status (spouse’s name, names of children, ages and sexes) home and 
office addresses, telephone numbers to: 


University of Petroleum and Minerals 
C/O Saudi Arabian Educational Mission 
2223 West Loop South, Suite 400 
Houston, Texas 77027 
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Find out what all 
the excitement’s 


about 


Wonnaco 


University of Maryland and 


Wonnacott, 


University of Western Ontario 


Economics 


In a field crowded with good texts, 
why has Wonnacott and Wonnacott’s 
Economics evoked such enthusiasm 
among prepublication reviewers? 

Because Wonnacott and 
Wonnacott is more than just another 
principles text. Here are a few 
reasons why: 

e It provides students with an 
understanding of current 
macroeconomic problems by 
addressing the five major questions 
students frequently have before they 
begin a principles course, questions 
like “Why do we have such high 
inflation and unemployment at the 
same time?” 

è The micro chapters focus on the 
important themes of efficiency and 
equity, lending coherence and 
interest to the presentation. 

è Important topics, including 
international problems, agriculture, 
the oil price increase, and urban 
economics, are covered in 
appropriate sections throughout the 
text, enabling students to see how 
these issues relate to important 
macro and micro principles. 

e The book is leaner and less 
cluttered than most principles texts, 
and features several innovations in 
organization. 


Wonnacott-Wonnacott 


ECONOMICS 


9 





o Jt provides a balanced Keynesian 
and Monetarist approach, 
emphasizing essential concepts and 
only those analytical tools necessary 
to understand the concepts. 

e A complete teaching and learning 
package is available, including a 

irst-rate Study Guide and the 
unique Guide to Methods and 
Problems of Teaching Economics, 
which provides guidelines for 
teaching assistants and new 
instructors on how to plan a lecture, 
write learning objectives, devise test 
materials, and lead small discussion 
groups. 

1979, 896 pages (tent.), $14.95 (tent.) 
Instructor’s Manual, Study Guide by 
Peter Howitt (University of Western 
Ontario), Guide to Methods and 
Problems of Teaching Economies by 
Jeff Ray Clark (Joint Council on 
Economic Education), Test Bank, 
and Transparency Masters. 

Two volume edition available. 


price subject to change 


COLLEGE DIVISION 
McGRAW-HILL 

BOOK COMPANY 

1221 Avenue of the Americas 
New York, New York 10020 


wi 
Hl | 
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Sound economic policy 


MACROECONOMICS 
Theory and Policy 
SECOND EDITION 

FRED R. GLAHE, 

University of Colorado ` 

404 pages 


MACROECONOMIC ANALYSIS 
FOURTH EDITION 

EDWARD SHAPIRO, 

University of Toledo 

535 pages, plus Appendix 

Student Workbook 


MONEY AND THE ECONOMY 
FOURTH EDITION 

JOHN J. KLEIN, 

Georgia State University 

598 pages 


THE ECONOMIC TRANSFORMATION 
OF AMERICA 

ROBERT L. HEILBRONER, 

New School for Social Research 

In collaboration with 

AARON SINGER, Manhattan College 

Paperbound. 276 pages 


ECONOMICS 

The Way We Choose 

PAUL W. BARKLEY, 

Washington State University 

652 pages 

Study Guide, Instructor’s Manual, 
Test Booklet 





Also available in two separate paperbound volumes: 


MACROECONOMICS MICROECONOMICS 
An Introduction An Introduction 
Paperbound. 432 pages Paperbound. 336 pages 
Each with its own 

Study Guide, instructor's Manual, Test Booklet 


HARCOURT BRACE JOVANOVICH, INC. . 
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—textbooks from HBJ 





INTERNATIONAL ECONOMICS 
A Policy Approach 

THIRD EDITION 

MORDECHAI E. KREININ, 

Michigan State University 


... provides fully up-to-date coverage of 
international finance and trade with emphasis 
on policy and the analysis of general 
principles. As in previous editions, the book is 
divided into two independent parts. Part One 
focuses on finance and present-day currency 
arrangements. Part Two, concentrating on 
trade, presents the principles governing 
world trade. Examples of new or revised 
material include: Chapter 7, “The Monetary 
od eae to the Balance of Payments,” 
which evaluates the monetarist approach to 
international economics; and Chapters 9 and 
10, which incorporate international financial 
developments through July 1978. Eight 
appendixes at the back of the book provide 
more technical discussions of theoretical 
formulations. 

462 pages (probable) 

Publication: January 1979 


HISTORY OF 


THE AMERICAN ECONOMY 
FOURTH EDITION 

ROSS M. ROBERTSON, 

Late of Indiana University 

GARY M. WALTON, 

Washington State University 


.. -offers a truly readable account of the major 
events, institutions, and ideas that have 
shaped our economic system from colonial 
times to the present. The text is a balanced 
treatment of both descriptive and analytical 
economic history, focusing on the increasing 
role of the federal government in the 
economy. Some 200 pages shorter than the 
Third Edition, the 30 chapters of the book 
discuss such themes as agriculture, industrial 
pedal and development, the impact of the 
pression on the nation, and the modern 
problems of employment and technological 
change. The first half of the book has been 
extensively revised to offer more complete 
coverage of the Colonial, Early National, and 
Middle Periods — inciuding new research on 
division of wealth, colonial shipping, and 
slavery. 
608 pages (probable) 
Publication: March 1979 


PNE a Ce ES ET ee TSE 


New York » San Diego » Chicago « San Francisco « Atlanta 
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2 NEW JOURNALS FROM 
NORTH-HOLLAND PUBLISHING COMPANY 


JOURNAL OF ECONOMIC 
DYNAMICS AND CONTROL 


Editors: DAVID KENDRICK, University of Texas, and EDISON TSE, Stanford University 
Co-Editors: MICHAEL ATHANS, M.LT., and GREGORY CHOW. Princeton University 


The Journal of Economic Dynamics and Control will provide an outlet for the publication 
of papers on economic dynamics and on economics and control theory. The journal will 
encourage the submission of both theoretical and applications papers. The theoretical 
areas covered will be (7) dynamics, (2) stability, (3) controllability, (4) deterministic. 
stochastic and adaptive control, (5) decentralized control. (6) differential games, (7) estima- 
tion (filtering), and (8) measurement. The areas of application include macroeconomics. 
microeconomics, economic planning, industrial organization, international trade. public 
finance, labor economics, finance and other areas of economic analysis. 


1979: Volume 1 in 4 issues (400 pages), Subscription price: US $58. 75/Dfl. 135.00. 
Private subscribers are entitled to a subscription at the reduced rate of US $28.25/Dfl. 65.00. 


JOURNAL OF ACCOUNTING 


AND ECONOMICS 


Editors: ROSS L. WATTS and JEROLD L. ZIMMERMAN, University of Rochester 
Consulting Editor: NILS HAKANSSON, University of California, Berkeley 


The Journal of Accounting and Economics encourages the application of economic theory 
to the explanation of accounting phenomena. The JAE provides a forum for the publication 
of the highest quality manuscripts which use economics to analyze and provide evidence 
on such topics as (7) the determination of accounting standards, (2) government regu- 
lation of corporate disclosure, (3) the information content and role of accounting numbers 
in capital markets, (4) the role of accounting in financial contracts and in monitoring agency 
relationships, (5) the theory of the accounting firm, (6) government regulation of the ac- 
counting profession, (7) statistical sampling and the loss function in auditing, (8) the role 
of accounting within the firm (managerial accounting), 


1979: Volume 1 in 3 issues (240 pages). Subscription price: US $50.00/Dfl. 115.00. 
Private subscribers are entitled to a subscription at the reduced rate of US $24.00/Dfl. 55,00 


Personal subscriptions must be prepaid; the orders must be placed directly with the Pub- 
lisher and copies should not be made available to institutions. 


All prices include postage costs. In case of currency fluctuation, the Dutch guilder price 
is definitive. 
Orders and requests for specimen copies may be sent to the Publisher: 


NORTH-HOLLAND PUBLISHING COMPANY Wee 


| 2 P.O. Box 211-1000 AE Amsterdam - The Netherlands 
52 Vanderbilt Avenue, New York, NY 10017, U.S.A. Ja 
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LIPSEY & STEINER 


Winning more adoptions than ever before... 


ECONOMICS rrr emro 


Successful in skillfully meeting its primary 
objective: to teach genuine economics— 
covering what is necessary, without over- 
simplifying, and giving a theoretical orien- 
tation as well as an understanding of the 
usefulness of economic theory. The Fifth 
Edition features completely revised sec- 
tions on macroeconomics and micro- 
economics; chapter appendixes grouped 
at the back of the book; redesigned two- 
color illustrations with instructional tag- 
lines and full captions; and new boxed 


CHANDLER 


applications. Other improvements include 
a clearer and more detailed treatment of 
the expectations-augmented Phillips 
curve, more complete information on all 
modern theories of inflation, unemploy- 
ment, and stagflation. 864 pages, $15.95. 
March 1978. ISBN 0=~06-044016-3. 
Study Guide and Problems by Forbush, 
Forbush, & Menz—358 pages, $4.95 
paper. ISBN 0—06—042119-3. Test Bank. 
Instructor’s Manual. March 1978. 


A text that will inspire new courses... 


THE MONETARY-FINANCIAL SYSTEM 


This text spans the gap between business 
courses in financial institutions and 
economics courses in money and banking 
to unify an approach to the common con- 
cerns of both fields. Well-organized and 
extremely well written, the text offers a 
lucid and comprehensive look at the struc- 


ZUDAK 


ture and functioning of the contemporary 
monetary-financial system. Stress is on the 
reasons for monetary and financial innova- 
tions. 416 pages, $14.95/tentative. ISBN 
0—06—041219-—4. Instructor’s Manual. 
December 1978. 


Alternating theory and applications to provide a broad and 
rigorous introduction. . . 


MANAGERIAL ECONOMICS 


Extensive theory chapters enable MBA 
and advanced undergraduate students to 
accomplish rigorous analyses of cases and 
problems, regardless of their previous 
background in economics. Coverage of 
demand, costs, markets, and labor and in- 
vestment decisions for a wide variety of 
industries is thorough, and cases require 


varying degrees of mathematical and 
statistical sophistication. Contemporary 
examples such as peak-load pricing of 
electricity are used throughout. 576 pages, 
$16.95/tentative. 

ISBN 0-—06-—047451-—3. Instructor’s 
Manual. Coming in February. 


TO REQUEST EXAMINATION COPIES, write to Suite 5D (641). 
Please include course title, enrollment, and present text. 


tf 10 East 53 Q 3 “Row 


New York, N.Y. 10022 


Prices subject to change without notice. Prices listed here are Harper & Row suggested list prices 
only and in no way reflect the prices at which these books may be sold by suppliers other than 


Harper & Row. 
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An indispensable tool for: 


Economists Teachers Students 
Researchers Authors 
Reference Librarians 





Index of Economic Articles 


prepared under the auspices of 
The Journal of Economic Literature 
of the 


American Economic Association 


Each volume in the Index lists, both by. sub- Q6*eeeoeoooooooooooooooos 


ject and by author, articles in major eco- Currently available are: 


or 3 i Volume Year Covered 
nomic journals and in collective volumes XI 1969 
published during a specific year. The Index a ‘ae 
volumes also include articles or testimony XIV 1972 
from selected congressional hearings or gov- XV 1973 
ernment documents published during the XVI 1974 


year. Many of the features in the Index can- Future volumes will ‘be. publistied 


not be found in any other single reference regularly to keep the series as cur- 
i rent as possible. 





Source. 


Price: $35.00 per volume (special 30% discount to A.E.A. members) 


Distributed by 


RICHARD D. IRWIN, INC. 


Homewood, Illinois 60430 
Note: Volumes I through X, VI-A, and VII-A, previously published by Irwin, are available at $7.95 per copy. 
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The Economics 
Institute 


specialized transitional and short-term training opportunities 


for intemational graduate students and international professionals in 
economics and business 


BOULDER, COLORADO 


@ Preparation for fall and spring entry to U.S. graduate programs 
© Refresher and supplementary training for professionals 


COMPREHENSIVE SUMMER SESSION 


featuring 


INTENSIVE COURSE OFFERINGS IN 
MATHEMATICS, STATISTICS, ECONOMIC THEORY, ACCOUNTING AND 
MANAGEMENT 


complemented by 


® Specialized English, including programs in structure, writing, listening comprehension, 
reading, and speaking 

@ Lectures, seminars, and short courses on special topics, including research 
methodology, economic planning and development, agricultural economics, business 
administration, and computer fundamentals 


YEAR ROUND INTENSIVE ENGLISH PROGRAM 
DESIGNED FOR SPECIALISTS IN ECONOMICS AND BUSINESS 
with multiple entry dates and progressive addition of 


© Individualized study opportunities in mathematics, statistics, economics and business as 
English proficiency improves. 


ADDITIONAL ACTIVITIES AND SERVICES 


Field trips, community hospitality, recreational and intercultural events 
Commercial test preparation (GRE and GMAT) 

Official certificate and transcript 

University placement assistance 

Credentials evaluation 


1979 PROGRAM DATES 


Alternative Entry Dates (designed to correspond with different levels of proficiency in 
English and different U.S. university registration plans): 


January 15 March 26 
June 1* duly 16* September 3 
* Summer Session Terms 


Alternative Completion Dates: August 22 for Fall University Admissions 
December 14 for Spring University Admissons 
(Other Entry and Termination Dates will be Considered in Special Cases.) 


FOR APPLICATION FORMS AND FURTHER INFORMATION CONTACT 


The Director, Economics Institute 
c/o University of Colorado, Boulder, Colorado 80309 
Telephone: 303/492-7337 Cable: Econinst 


Established in 1958 under the sponsorship of the American Economic Association and the Institute of Intemational Education 
and endorsed by The American Assembly of Collegiate Schools of Business 
and the American Agricultural Economics Association 
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Altruism and Economy 


A Study in Non-Selfish Economics 


DAVID COLLARD. For two hundred years, economists have assumed, unlike other social scientists, a 
self-interested economic man. Using earlier literature and various examples of non-selfish behavior to 
support his argument, David Collard explores the implications of non-selfishness for economic theory 
and deals with related questions of duty, obligation, and the possibility of socialism. 


1978 248 pp. $15.95 


Federalism 


Failure and Success 


URSULA K. HICKS. Federalism is particularly appealing for colonies emerging into statehood, but to 
achieve a balance between the units wishing to play their own parts and the central government trying 
to evolve a national image is a difficult task which often results in crisis, and sometimes near failure. 
Through a series of historical case studies of modern federations, this book identifies causes of failure 
and success, following in them the interplay of economic, political, and social influences. 


1978 256 pp. $19.50 


The British Tax System 


J.A. KAY and M.A. KING. Using both economic analysis and practical knowledge of the intricacies of 
the British tax system, the authors provide a serious critique of the present system and suggestions for 
its reform to one that is simple, fairer, and more efficient. Although it will be useful to those concerned 
with the application of the principles of public finance, the book assumes no previous technical 
background in economics. i 


1978 288 pp.; 16 diagrams $15.50 


New Titles Published by Oxford for the World Bank 


Structural Change and Development Policy 
HOLLIS B. CHENERY 
January 1979 384 pp. cloth $14.50 paper $5.95 


Who Benefits from Government Expenditure 

A Case Study of Colombia 

MARCELO SELOWSKY ; 

January 1979 192 pp. cloth $12.50 paper $4.95 


Port Pricing and Investment Policy 


for Developing Countries 
ESRA BENNATHAN and ALAN A. WALTERS 
1978 224 pp. cloth $12.50 paper $4.95 


Public Expenditure in Malaysia 

Who Benefits and Why 

JACOB P. MEERMAN 

January 1979 | ; cloth $14.95 paper $6.95 


Prices and publication dates 
are subject to change. 


Publishers of 
Fine Books for 
Five Centuries 





200 Madison Avenue, New York, New York 10016 
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The Principles of Ethics 
By Herbert Spencer 


A thorough and systematic exposition of individualist 
ethics. Spencer himself considered this to be his finest 
work. In two volumes, with an introduction by Tibor 
R. Machan. Hardcover $9.00 per volume, $18.00 the 
set. Softcover $3.00 per volume, $6.00 the set. 


The Right and Wrong of Compulsion 
by the State, and Other Essays 
By Auberon Herbert 


British political theorist Auberon Herbert (1838-1906) 
is without equal as a defender of liberty. His writings 
are eloquent, forceful—and uncompromising. This 
volume brings together his major and representative 
writings, including the title essay, “A Plea for Volun- 
taryism,” “The Ethics of Dynamite,” and “Salvation by 
Force.” Edited and with an introduction by Eric Mack. 
Hardcover $9.00, Softcover $3.50. 


LibertyPress LibertyClassics 


We pay postage on prepaid orders. 
To order these books, or for a copy 
of our catalog, write: 
LibertyPress/LibertyClassics 

7440 North Shadeland, Dept. 150 
Indianapolis, Indiana 46250 
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5th EDITION LIAL 


by SANFORD COHEN 
University of New Mexico 
A thorough blend of background infor- 


mation and coverage of contemporary 
developments in American labor. 





LABOR IN THE UNITED STATES, 5th edition, traces the his- 
tory and development of the labor movement as it affects and 
effects contemporary political, social, and economic institutions. 
Written in a concise, readable style, the new 5th edition covers 
topics such as: x Seniority vs Affirmative Action x Illegal 
Immigration x OSHA x Productivity Bargaining * Mandatory 
vs Voluntary Retirement x Organizational Behavior x CETA 
x Social Security programs. Utilizingan “institutional” approach, 
the book combines historical background, theory, and com- 
prehensive coverage of current developments to give students 
a fundamental understanding of: x The Labor Force x Trade 
Unionism x Collective Bargaining x Wage Determination 
x Labor Law x Unemployment Problems x Social Security 


* Manpower Programs. 


For an examination copy, write to Chris Cole, 
c/o Charles E. Merrill Publishing Company, 
1300 Alum Creek Drive, Columbus, Ohio 43216. 
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AN ECONOMIC HISTORY 

OF ARGENTINA 

Laura Randall. Provocative analysis 
of frequently changing government 
policies as the key variables in the 
performance of the Argentine econ- 
omy. Columbia Economic History of 
the Modern World, Stuart W. Bru- 
chey, General Editor $17.50 


THE NEW INTERNATIONAL 
MONETARY SYSTEM 

Robert A. Mundell and Jacques J. 
Polak, Editors. A book which 
focuses on two problems central to 
the operation of the reformed 
international monetary system 
since the collapse of the Bretton 
Woods Agreement: exchange rates 
and international liquidity. $12.50 


THE WEAK IN THE WORLD 

OF THE STRONG 

The Developing Countries in the 
International System 

Robert L. Rothstein. “An extensive 
and penetrating examination of the 
emergence of a Third World bloc’ — 
Foreign Affairs. Institute of War and 
Peace Studies, Columbia Univer- 
sity. $16.50 


Studies in 





International _ 
Economics 





THE PROCESS OF 

ECONOMIC PLANNING 

Zoltan Kenessey. “An admirable 
book that can serve as an excellent 
introduction to this highly complex 
subject? —Library Journal. $16.50 - 


PLANNING, POLITICS 

AND THE PUBLIC INTEREST 
Walter Goldstein, Editor. Seven orig- 
inal essays by distinguished schol- 
ars form a penetrating look at the 
political consequences of applying 
collectivist principles to a market 
economy. $12.50 


ESSAYS ON 

ECONOMIC PLANNING 

J. Marcus Fleming. Selected writ- 
ings on welfare economics and 
international monetary economics 
by a highly respected scholar and 
economist. $22.50 


THE MULTINATIONAL 
CORPORATION 

Its Manners, Methods, 

and Myths 

Monroe E. Spaght. A director of the 
Royal Dutch-Shell Companies ex- 
amines the multinational corpora- 
tion’s role in the business world and 
the problems arising from an 
increasingly complex international 
business structure. Benjamin F. 
Fairless Lectures. $6.00 


p | ÜNIVERSIT 


Jt: ie esate orders: 
136 South Broadway, 
Irvington, New York 10533 





Please mention THe American Economic Review When Writing to Advertisers 


ESSAY COMPETITION IN TRANSPORT 


The Trustees of the REES JEFFREYS ROAD FUND, through the 
JOURNAL OF TRANSPORT ECONOMICS AND POLICY 


have initiated a prize of £1,000 for an essay in transport. 


The prize will be awarded to the essay which, in the opinion of the Editors 
of the Journal and of the Trustees, makes the best contribution to knowledge 
and policy formation in the specified topic. 

For 1979 the specified topic is: 


- The Relationship between Transport and the 
Viability of Central and Inner Urban Areas 


Essays must not exceed 15,000 words, including appendices if any. They 
must be in English, and a summary of not more than 100 words must be 
enclosed. Any essay submitted must be a work of original research by the 
entrant only, neither previously published, nor submitted for publication 
elsewhere. Entries will be forwarded to the judges anonymously; therefore 
no indication of authorship may appear on the essay, but the competitor’s 
name and address must be enclosed on a separate sheet of paper. Entries 
should be sent to: 


The Secretary, 

Journal of Transport Economics and Policy 
London School of Economics and Political Science, 
Houghton Street, 

London, WC2A 2AE. England 


to arrive not later than Friday, 28th September 1979. 

The prize winning essay will be published in the Journal. The Editors may 
decide also to publish any other essays considered to be of sufficient merit. 
The judges’ decision in all matters is final. 
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OECD 


ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOPMENT 7 
Headquarters: 2, rue André-Pascal, 75775 Paris Cedex 16, France 


Recent releases 


¢ PUBLIC EXPENDITURE TRENDS 
Analyzes the factors underlying the rapid increase 
in public expenditure in OECD countries between 
the mid-1950’s and the mid-1970's, and considers 
choices that may have to be faced in the future. 
Synthesizes the main findings of earlier reports 
in the series, and adds summary information on 
the remaining sectors of public expenditures. 
(June 197B) 93pp. Tables. $9.00 


Other reports in the series “Studies in 
Resource Allocation: 
No. 1 ECONOMIC IMPLICATIONS OF 
POLLUTION CONTROL 

(February 1974) $4.00 
No. 2 PUBLIC EXPENDITURE ON EDU- 
CATION (July 1976) $6.25 


No. 3 PUBLIC EXPENDITURE ON IN- 
COME MAINTENANCE PROGRAMMES 

(July 1976) $9.00 

No. 4 PUBLIC EXPENDITURE ON HEALTH 

(July 1977) $10.00 


* ENERGY POLICIES AND 
PROGRAMMES OF IEA COUNTRIES — 
1977 REVIEW. 
Overall review, and reports on individual countries 
in the OECD/International Energy Agency. Exten- 
sive tables and charts. 

(August 1978) 333 pp. $24.00 


e OECD ECONOMIC OUTLOOK— 

Each July and December the OECD ECONOMIC 
OUTLOOK surveys the latest economic develop- 
ments in the OECD area and, by means of an 
integrated set of quantitative forecasts, assesses 


future prospects. Per year: $15.00 


OECD is the world’s largest grouping of industrialized 
market-economy countries, comprising nineteen Euro- 
pean nations, the U.S.A., Canada, Japan, Australia and 
New Zealand. OECD publications incorporate a wide. 
range of comparative data not readily available from 
any other source. 


¢ THE TAX/BENEFIT POSITION OF 
SELECTED INCOME GROUPS IN OECD 
MEMBER COUNTRIES, 1972-1976 
Discusses the overall impact of the payment 
of income tax and social security contributions 
and receipt of certain cash transfers upon the 
disposable income of typical family units at 
different income levels. 

(May 1978) 1382 pp. $8.75 


e MEASURES OF LEISURE, 

EQUALITY AND WELFARE 

By Wilfred Beckerman, Fellow of Balliol College, 
Oxford. (April 1978) 63pp. $3.50 


e OECD OBSERVER 
Illustrated bi-monthly magazine selectively cover- 
ing the full range of OECD activities, and including 
announcements of new OECD publications. 
Each issue, $1.50. 
6 issues yearly: $7.50 


Due Shortly 


¢ REVENUE STATISTICS OF OECD 
MEMBER COUNTRIES, 1966-1976 
Presents data and analysis on tax revenues for 
the years 1966 to 1976. Provisional estimates of 
1977 revenues and data on the tax/benefit posi- 
tion of a typical worker for the years 1972-77 
are also provided. 


¢ DEVELOPMENT CO-OPERATION— 
1977 REVIEW 

Efforts and Policies of the Members of the De- 
velopment Assistance Committee. Report by the 
Chairman of the D.A.C., Mr. Maurice J. Williams. 


STANDING ORDERS 


Your areas of particular interest_can be covered 
by a Selective Standing Order. For large institu- 
tions, a Blanket Order gives general coverage. 
For details, write or telephone: 


OECD PUBLICATIONS AND INFORMATION CENTER SUITE 1207-E | 


1750 PENNSYLVANIA AVE. N.W., WASHINGTON, D.C. 20006 (202) 724-1857 
Also available at U N Bookshop. New York 
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Abt Books | 
of Professional Interest 


CENTRAL CITY ECONOMIC DEVELOPMENT 
Edited by Benjamin Chinitz, State University of New York, Binghamton 
1978, 200 pp., hardcover, $19.50, ISBN: 0-8901 1-524-9 


The viability of many American cities is at a crisis point with high unemployment rates and increas- 

ing fiscal pressure on city governments. Leading academic experts, elected officials, and government 
olicymakers offer an enlightening dialogue on the present course of the city and prospects for its 
uture in this seminal book which evolved from a SUNY Binghamton conference. 


ANALYZING QUALITATIVE/CATEGORICAL DATA: Log-Linear Models and Latent 
Structure Analysis 

by Leo A. Goodman, University of Chicago, Jay Magidson, Abt Associates Inc., ed. 

1978, 471 pp., hardcover, $18.50, ISBN: 0-89011-513-3 


This foundational reference for the recently developed and rapidly growing field of log-linear meth- 
ods provides the theoretical basis for these valuable analysis and scaling techniques and illustrates 
their application to real data using a variety of models which are of interest to educational research- 
ers, survey analysts, and other social scientists. i 


EMPLOYMENT, UNEMPLOYMENT, AND HEALTH INSURANCE: Behavioral and 
Descriptive Analysis of Health Insurance Loss Due to Unemployment 

by A. James Lee . i 

1978, 140 pp., hardcover, $19.50, ISBN: 0-8901 1-516-8 


A. James Lee presents a socially innovative, private sector solution to the health insurance problem 
of the unemployed: allow unemployed workers to continue obtaining group health insurance from 
former employers. This book is timely reading for those interested in national health insurance and 
health care financing. 


JOB CREATION IN THE COMMUNITY: An Evaluation of Locally Initiated Employ- 
ment Projects in Massachusetts 

by Audrey Prager, with contributions by Barry Gettleman 

1977, 175 pp., hardcover, $15.00, ISBN: 0-8901 1-506-0 


Can citizenry effectively plan and operate job creation projects providing meaningful short-term jobs 
for their community? The authors analyze the key success factors, problem areas, and net costs of 
Massachusetts’ pilot CETA ana in the “grass roots” eppen to employment problems. The 
book includes a case review of 26 innovative projects ranging from the design of-a bilingual day care 
center to the establishment of a food cannery. 


HENDERSON ON CORPORATE STRATEGY 
by Bruce D. Henderson 
1978, 175 pp., 314.95, ISBN: 0-89011-526-5 


In lively, provocative essays the President of the Boston Consulting Group contests conventional wis- 
dom as he examines corporate tactics in relation to competition, pricing, business ethics, and other 
issues of the on-going firm in a competitive society. The essay on corporate dividends is more than 
worth the price of the book. 


Abt Books 55 Wheeler Street, Dept. 180, Cambridge, Mass. 02138 
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New and Forthcoming Books from 
North-Holland Publishing Company 


The Great Recession: 
With a Postscript on Stagflation 
Data Resources Series, Vol. 3 


By OTTO ECKSTEIN, Data Resources, Inc., 
Harvard University, U.S.A. 


1978. about 220 pages. US $24.00/Dfl. 55.00 
ISBN 0-444-85204-2 


This book traces the events and decisions that 
produced the Great Recession of 1974-75 and 
uses the 800-equation Data Resources Model 
of the U.S. Economy to determine the importance 
of the major factors, such as the Vietnam War, 
the collapse of the Nixon price controls, the 
agricultural price explosion, the OPEC price 
increases and embargo, the extreme swings of 
monetary policies, political variations in fiscal 
policy, the world-wide business cycle and the 
devaluation of the dollar. The book also analyzes 
how the U.S. economy escaped depression and 
why it was caught in the subsequent stagflation. 


Production Economics: 


A Dual Approach to Theory and 
Applications 


Contributions to Economic Analysis, 
vols. 110 and 111 


Edited by MELVYN FUSS, Inst. for Policy 
Analysis, Univ. of Toronto, Canada and 
DANIEL McFADDEN, Dept. of Economics, 


Univ. of California, Berkeley, Calif., U.S.A. 


1978. 2 Volumes. 

Vol. 1: xx + 482 pages. US $71.00/Dfl. 160.00 
Vol. 2: xxii + 338 pages. US $49.00/Dfl. 110.00 
Set: US $106.75/Dfl. 240.00. 

ISBN 0-444-85014-2 


In this book, the editors develop a comprehensive 
theory of production from the standpoint of the 
“dual” - the relationships between economic 
observables which are dual to the physical 
technology. Duality theory is used to investigate 
a number of functional forms commonly used 
in empirical analysis and to provide an analysis 
of extensions of these functional forms. A 
number of specific empirical applications of 


duality theory are provided in order to demon- 
strate the usefulness, and in some cases, the 
superiority of the dual approach to production 
economics. The papers in these two volumes 
provide high-level undergraduate and graduate 
students a comprehensive reference work in 
production economics. . 


Spatial Development Planning: 


A Dynamic Convex Programming 
Approach 


Studies in Regional Science and Urban 
Economics, Vol. 2 


By MASAHISA FUJITA, Regional Science 
Dept., University of Pennsylvania, U.S.A. 


1978. xiv+ 329 pages. US $48.00/Dfl. 110.00 
ISBN 0-444-85157-7 


This book provides a comprehensive framework 
for the study of development planning in spatial 
systems by unifying Leontief, von Neumann and 
neoclassical models of production and economic 
growth in a form of dynamic convex program- 
ming. The character of efficient growth paths 
in spatial systems, both with convex structures 
and non-convex structures, is extensively studied. 


Incentives in Public 
Decision-Making 


Studies in Public Economics, Vol. 1 


By JERRY R. GREEN, Harvard University, 
U.S.A. and JEAN-JACQUES LAFFONT, Ecole 
Polytechnique, Paris, France. 


1978. xviii + 286 pages. US $44.50/Dfl. 100.00 
ISBN 0-444-85144-5 


This book gives a complete mathematical treat- 
ment of the incentive issue. It characterizes 
what can, and what cannot, be achieved by 
design of a tax/subsidy system for the revelation 
of privately held information to be used for 
public purposes. A novel statistical approach to 
incentives and to efficiency calculations is intro- 
duced. Oriented towards economists in advanced 
theory or public finance, this book unlocks the 
exciting theory of incentives in economic theory. 


ELSEVIER NORTH-HOLLAND INC. 


52 Vanderbilt Avenue, NEW YORK, NY 10017 | P.O. Box 211, 1000 AE: AMSTERDAM, The Netherlands 
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IF 
YOU 
WANT 





ECONOMICS 
TEXTS V 











HAVE 
THEM! 


INTERMEDIATE MICROECONOMIC THEORY 
by David R. Kamerschen and Lloyd M. Valentine 


MONEY AND BANKING 
Sixth Edition 
by David R. Kamerschen and Eugene S. Klise 


BUSINESS CYCLES AND FORECASTING 
Fifth Edition 
by Carl Dauten and Lloyd M. Valentine 


INTERNATIONAL TRADE AND INVESTMENT 
Fourth Edition 
by Franklin R. Root 


These 4 and many more 
are available from... 
SOUTH-WESTERN PUBLISHING CO. 


5101 Madison Road, 355 Conde Street, 11310 Gemini Lana, 


925 Spring Road, 855 California Avenue, 
Cincinnati, OH 45227 West Chicaga, IL 60185 Ballas, TX 75229 


Pelham Manor, NY 10803 Palo Alto, CA 94304 
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STUDIES IN MACROECONOMIC THEORY 


Employment and Inflation 
By EDMUND S. PHELPS 
A Volume in the ECONOMIC THEORY, MATHEMATICAL ECONOMICS AND ECONOMETRICS Series 


In this masterly volume, Edmund Phelps 
sheds light on the micro-theory of wage and 
price setting in non-Walrasion economies and 
on the corresponding macro-theory of em- 
ployment and inflation. A collection of 
Phelp's essays over the past dozen years, 
Studies in Macroeconomic Theory is di- 
vided into six sections, the expectational 
concepts cf equilibrium and disequilibrium 
level of employment and the more general 
notion of the equilibrium employment path; 
the welfare economics of anticipated infla- 
tion—the concepts of full liquidity and the 
inflation tax; the optimal control of inflation 
when initial’ conditions especially the pre- 
existing expected rate of inflation, are arbi- 
trary; cost-push and supply shocks dis- 
turbances, and the identification problems 
of inferring their presence; the effectiveness 


and design of monetary and fiscal policies 
toward demand and supply disturbances 
both domestic and foreign. An introductory 
survey serves to tie together the major 
strands of non-Walrasian theory developed 
in the eighteen essays that follow: This im- 
portant volume reconsiders the design and 
overall effectiveness of stabilization policies 
—monetary and fiscal—to moderate the dis- 
turbance from economic shocks, foreign and 
domestic. In the final selection Phelps 
builds what he describes as “a neoactivist 


defense of stabilization policy’ against 
latter-day ‘“classicist and semi-classicist 
objections.” 


1978, about 448 pp., in preparation 
ISBN: 0-12-554007-9 


DISTRIBUTIONAL CONSEQUENCES OF DIRECT FOREIGN 
INVESTMENT 


By ROBERT H. FRANK and RICHARD T. FREEMAN 
A Volume in the ECONOMIC THEORY, MATHEMATICAL ECONOMICS AND ECONOMETRICS Series 


The authors of this study analyze the ef- 
fects of United States overseas investment 
on the domestic economy by means of a 
theoretical model of the multinational firm 
together with models of domestic labor 
market behavior. Their analyses provide esti- 
mates of the impact of foreign investment 


on the length of unemployment spells, and 
on the long-run level and distribution of 
U.S. income. The book thus makes an im- 
portant contribution to the ongoing debate 
on this issue. 

1978, 192 pp., in preparation 

ISBN: 0-12-265050-6 


on jobs ir-U.S. manufacturing indusiries, 


AN ANALYSIS OF THE DETERMINANTS OF OCCUPATIONAL 
UPGRADING 


By DUANE E. LEIGH 
A Volume in the INSTITUTE FOR RESEARCH ON POVERTY MONOGRAPH Series 


This monograph represents a notable ad- 
vance in our understanding of the deter- 
minants of upward occupational mobility 
and the nature of the processes that gen- 
erate occupational and social success. The 
empirical investigation focuses on the oc- 
cupational advancement of individual work- 
ers within the framework of contrasting im- 
plications of the dual labor market. and 
human capital theories. Leigh tests these 
two theories by comparing the occupational 
advancement of black and white males using 
two sets of longitudinal data—the 1/1000 
sample of the 1970 Census and the Na- 
tional Longitudinal Survey. Among the sig- 


nificant findings of the study are the follow- 
ing: education has an important effect on 
mobility of both blacks and whites, though 
the relationship is stronger for whites; formal 
vocational training and firm-specific train- 
ing show at least as strong an effect for 
blacks as whites; for both blacks and whites 
the effect of initial industry and geographic 
location seem relatively unimportant in oc- 
cupational upgrading due to sufficient mo- 
bility between employers. Economists, 
sociologists, government policy analysts, 
and students will find this timely book of 
great interest. 

1978, 368 pp., $16.00 ISBN: 0-12-442850-9 


Send payment with order and save postage and handling charge. 
Prices are subject to change without notice. 


Academic Press, Inc. 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 
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Teaching Finance? 
Think Winthrop 


PUBLIC SECTOR ECONOMICS 


Robin W. Boadway 
Queen's University 


A public finance text encompassing both the normative and 
positive analysis of public sector decision-making with an appli- 
cation to the US. taxation and expenditure structures. Boadway 
presents a rationale for collective decision-making based on 
modern welfare economics, a full treatment of public expendi- 
ture theory, the theory and practice of taxation, and the 
economics of federal systems. 

Cloth approx.48O pages April1979 


MACROFINANCE 
The Financial System 
and the Economy 


Frank J. Jones 
San Jose State University and Stanford 
Research institute 


For courses in financial management, 
money and banking, and financial 
institutions, Frank Jones’ MACRO- 


FINANCE 


Marvin E. Ray and David L. Scott 
Both at Valdosta State College 


This brief, non-technical introductory 
text provides a concise, balanced 
overview of the three major areas of 
finance — Financial Markets and Institu- 
tions, Managerial Finance, Investments 
and Portfolio Management - and 


FINANCE provides a brief, basic 
introduction to the financial system 
and those aspects of the economy 
related to the financial system. The 
text's broad potential use and appeal 
are enhanced by (1)a strong concep- 
tual framework; (2) a non-technical, 
descriptive approach; and (3) liberal 
use of the most current, appropriate 
data to illustrate concepts and 
relationships. 

Paper 32Opages 1978 


stressing the interrelationships among 
them. To aid the student, the authors 
have included a glossary of financial 
terms (these terms are also highlighted 
in the textual material), end-of-chap- 
ter bibliographies, summaries for each 
of the three text divisions, plus the 
most current examples and illustrations 
of financial concepts and theories, — 
Paper approx.320 pages 

December 1978 


For further information, 
. Or to order examination copies, 
please write to Sara Black, Dept. W1179. 





WINTHROP. PUBLISHERS, INC. 


17 Dunster St., Cambridge, Mass. 02138 
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THE ROOTS OF BLACK POVERTY 
The Southern Plantation Economy 
After the CivilWar Jay R. Mandle 


Why have incomes received by blacks since the Civil War 
remained low compared to incomes received by other groups? 
To find the answer to this question, Mandle analyzes the 
causes and consequences of the fact that the black population 
remained predominantly southern until after World War II; he 
provides one of the first systematic investigations of the ulti- 
mate source of black poverty: the underdeveloped economy of 
those parts of the South in which the black population was 
concentrated. : $8.75 


RELIGIOUS THOUGHT AND ECONOMIC 
SOCIETY Four Chapters of an 
Unfinished Work Jacob Viner 


Edited by Jacques Melitz and Donald Winch 


A unified intellectual history of the economic doctrines of the 
early Christian Fathers and the Scholastics, of the economic 
issues raised by the Jansenist-Jesuit controversy, and the claim 
associated with the name of Max Weber that ascetic forms of 
Protestantism were a significant factor in the development of 
the spirit of capitalism. $11.75 


FACING ZERO POPULATION GROWTH 
Reactions and Interpretations, 
Past and Present Joseph J. Spengler 


A historical and analytical account of population growth, the 
conditions that govern it, and the impact of changes in the rate 
of population growth and age structure. Spengler discusses 
man’s reaction to limits to economic growth and problems 
involved in adjusting economies to cessation of population 
growth, $18.75 


Publisher pays postage on prepaid orders. 


DUKE UNIVERSITY PRESS / 
6697 College Station / Durham, North Carolina 
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ECONOMICS 


frome M.E. Sharpe, Inc. 





Economics, Politics, and the 
Age of Inflation 
By Paul Mattick 
An incisive look at the failure of modern 
bourgeois economists and industrial 

-` economies to explain or deal with the 
current crisis of stagnation and inflation. 

136 pages $15.00 


Chinese Economic Planning 
Translations from Chi-hua 
ching-chi _ 

Edited with an introduction 

by Nicholas R. Lardy 


“These documents provide a valuable 
and neglected source of detailed infor- 
mation on Chinese economic planning 
during the 1950s. Careful study of these 
documents can increase our under- 
standing of the structure of China’s 
economic plans in the early years of the 
PRC, and this will in turn improve our 
ability to evaluate the less comprehen- 
sive information available on the sub- 
ject during the-1960s and 1970s.” 
—Thomas G. Rawski, University of Toronto 

280 pages $20.00 
Rural Employment and 
Manpower Problems in China 
By Curtis Ullerich 


This concise study traces the Chinese 
model of social and economic devel- 
opment through three premises: China 
has (1) attained remarkable socio- 
economic development while achieving a 
unique synthesis of historical and mod- 
ern elements of national life and pro- 
duction, (2) encountered and largely 
overcome problems that are exemplary 
to most Third World countries today, 
and (3) come up with prototypical ap- 
proaches for bringing about lasting in- 
creases in national production and 
qualitative improvement of the nation’s 
material and social well-being. A publi- 
cation of The Institute of Asian Affairs, 
Hamburg. 136 pages $12.50 


Money, Banking, and Credit 

in the Soviet Union 

and Eastern Europe 

By Adam Zwass 

A timely and thorough analysis of mone- 
tary institutions, policies, and practices in 
the planned socialist economies of the 
USSR, Poland, Czechoslovakia, Hun- 
gary, Bulgaria, Romania, and the German 
Democratic Republic. 200 pages $18.50 


Industrial Cooperation 
between East and West 
By Friedrich Leucik and Jan Stankovusky 


A thorough and comprehensive 
description and analysis of cooperative 
industrial undertakings by firms and 
agencies from the two major economic 
blocs. 256 pages $20.00 


The USSR’s Management 
of Foreign Trade 
By V. P. Gruzinov 


An insider's detailed explication of how 
the USSR Ministry of Foreign Trade 
operates and his appraisal of its ability 
to meet the demands of expanded 
trade with East and West. 

225 pages $20.00 


China’s Finance and Trade 
A Policy Reader 


Edited with commentaries 

by Gordon Bennett 

“An extremely worthwhile collec- 

tion... a very intelligent selection of 

materials providing a wealth of interest- 

ing detail on the theory and practice of 

economic organization in China that 

should be useful to students and re- 

searchers for years to come.” 
—Vivienne Shue, Yale University 

256 pages $8.95 paperback 


cM. E. Sharpe, Inc. 


901 North Broadway 
White Plains, NY 10603 
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Chisholm / McCarty 


Principles of Economics 


Covers more contemporary topics 


This modern, up-to-date treatment of economics has received rave reviews in classrooms 
across the country as being the most readable principles text. Its colloquial, journalistic 
style makes economic theories, policies, and issues easier to understand than ever before. 
By devoting more space than any other text to real-world applications, this text shows 
students how vital economics is. Principles of Economics covers all these important 
topics: 


è Aggregate supply and the price level 

e Stagflation, present inflationary pressures, and the “new” unemployment 
è Financial intermediaries other than banks 

è Concentration ratios 

® Current pressures for trade protection 

@ Modern political economy 

è Current antitrust attitudes and activities 

@ Lancaster's theory of characteristics 

@ More demand for money 

è More on recent monetarist thought 

è Elasticity treatment covered in two chapters 


Principles of Economics 


Roger Chisholm, Memphis State University 
Marilu McCarty, Georgia Institute of 
Technology 

January 1978, 768 pages, illus., hardbound 
$15.95 


i EDDM srie ii. 
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Also available in two volumes: stiu OM ae 
CA LEW RE 1. REE, OR, 


Principles of Macroeconomics 


January 1978, 476 pages, illus., paperback 
$7.95 


Principles of Microeconomics 
January 1978, 398 pages, illus., paperback 
$7.95 


Instructor's Manual with test bank, Study 
Guide, and Transparency Masters are 
available. 


For further information write 
Jennifer Toms, Department SA 
1900 East Lake Avenue 
Glenview, Illinois 60025 


Scott, Foresman and Company 
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Journal of Economic Development , 


Volume 3 Number 1 July 1978 
Articles 


Adaptive Economics and Economic Development 
Richard H. Day and Yiu-Kwan Fan 


Marginal Cost Pricing with Joint Costs: A Different Objective 
: N. D. Uri 


International Transactions and Domestic Cyclical Behavior 
Jae Wan Chung 


Working Capital and Technological Change 
Alan Rufus Waters 


Transactions Demand for Money: An Adaptation to 
Less Developed Countries 
Pyung Joo Kim 
Rural Nonfarm Employment: The Recent Eastern Asian Experience 
Richard L. Meyer and Donald W. Larson 


The INFORUM Type Input-Output Forecasting Model 
Young Sun Lee 


International Tourism as A Factor in 


Economic Development for the L.D.C.’s 
Gerhard von Hauenschield and Philip D. Grub 


Sources of Overtime Changes in the Rural-Urban Gap 


and the Intrafarm Inequality of Income in Korea 
Daemo Kim 


Editors: Choong Yong Ahn, Jo Sup Chung, In Kie Kim, Jang H. Yoo. Published bi- 
annually by the Economic Research Institute, Chung Ang University, Seoul, Korea. 
The Journal encompasses all aspects and experience in socio-economic development 
analyzed by theoretical, mathematical and/or empirical methods. 


Submission of Manuscripts: 


Contributors in the U.S. and other countries should send their manuscripts to: 


Jang H. Yoo 

Department of Economics 
Virginia Commonwealth University 
Richmond, Virginia 23284 


Korean contributors should send their manuscripts to: 
In Kie KIM 4 
Department of Economics 
Chung Ang University 
Seoul, Korea 


Manuscripts should be written in English, and the JED’s writing style will be sent to 
the authors as soon as the referees accept the contents. 


Annual Subscription Price: 


US $10.00 per year for individuals and US $20.00 per year for institutions. Payment 
should be forwarded to In Kie KIM, Journal of Economic Development, Economic 
Research Institute, Chung Ang University, Hucksuck-Dong, Kwanack-Ku, Seoul, Korea. 
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Prentice-Hall covers the world 
of Economics... 
in depth, in detail, in’79. 


ECONOMICS, 2nd Edition 

William P. Albrecht, Jr. — University of lowa 

1979 854 pp. Cloth 
MONETARY POLICY AND THE FINANCIAL SYSTEM, 4th Edition 

Paul M. Horvitz — University of Houston 

1979 . 608 pp. Cloth 
MONEY, BANKING AND ECONOMIC ACTIVITY 

Lloyd B. Thomas, Jr. — Kansas State University 

1979 - 592 pp. Cloth 
THE ECONOMICS OF INDUSTRIAL ORGANIZATION 

William G. Shepherd — University of Michigan 

1979 480 pp. Cloth 
MANAGERIAL ECONOMICS 

Evan J. Douglas — Concordia University 

1979 544 pp. Cloth 
INTRODUCTION TO MANAGERIAL ECONOMICS 

Thomas J. Hailstones and John C. Rothwell — both of Xavier University 

1979 496 pp. Cloth 
MACROECONOMICS: Theory and Policy 

Michael R. Edgmand — Oklahoma State University 

1979 512 pp. Cloth 
ECONOMICS, ENVIRONMENTAL POLICY AND THE QUALITY OF LIFE 
William J. Baumol and Wallace E. Oates — both of Princeton University 

1979 320 pp. Cloth and Paper 
ENVIRONMENTAL ECONOMICS, 2nd Edition 

Joseph J. Seneca and Michael K. Taussig — both of Rutgers University 

1979 368 pp. Cloth 
ECONOMIC PRINCIPLES IN ACTION 

Robert L. Moore — Occidental College 

1979 103 pp. Paper 
LABOR ECONOMICS, 2nd Edition 

Richard B. Freeman — Harvard University 

1979 208 pp. Paper 
PUBLIC FINANCE, 4th Edition 

Otto Eckstein — Harvard University 

1979 144 pp. Cloth and Paper 
MONEY, THE FINANCIAL SYSTEM AND MONETARY POLICY 

Thomas F. Cargill — University of Nevada, Reno. 

1979 560 pp. Cloth 























For further information, or to order or reserve your examination 


e 
copies, please write to: Robert Jordan, Dept. J-370, Prentice-Hall, P t -H il 
Inc., Englewood Cliffs, NJ 07632. ren Ice ð 






Please mention Tus American Economic Review When Writing to Advertisers 


xxvii 


OXFORD Publishers of 
UNIVERSITY Fine Books for 
Five Centuries 


AN INTRODUCTION TO ECONOMIC THEORY: Microeconomics 


A. ASIMAKOPULOS, McGill University. “A most complete text. I enjoy the integration of the concepts 
of externalities and interdependencies in the analyses — sophisticated yet readable. ... Fine work in 
‘Theories of Income Distribution’ chapter” — Robert N. Schoeplein, University of Ilinois, Urbana — 
Champaign 

1978 464 pp.; 116 diagrams $15.00 


GENERAL X-EFFICIENCY THEORY AND ECONOMIC DEVELOPMENT 


HARVEY LEIBENSTEIN, Harvard University. Restructuring microeconomic theory in terms of psycho- 
logical concepts, Professor Leibenstein here applies his innovative theory of individual efforts and the 
determinants of the relative internal efficiency of the firm, or X-efficiency, to economic development 
problems. 


1978 192 pp.; 21 illus. cloth $7.50 paper $3.95 


MONEY IN INTERNATIONAL EXCHANGE 

The Convertible Currency System 

RONALD 1. McKINNON, Stanford University. Treating the microeconomic and monetary aspects of 
international exchange, this text describes how the present international system based on purely - 
national currencies allows much of world trade to be monetized rather than bartered, and critically 
analyzes financial practices that have evolved. 

February 1979 288 pp. cloth $10.00 paper $7.00 


WORLD DEVELOPMENT REPORT, 1978 


WORLD BANK; foreword by ROBERT S. MCNAMARA. The first in an annual series on world develop- 
ment problems, this report is designed to help clarify some of the linkages between the international 
economy and domestic strategies in the developing countries, against the background of growing 
interdependence and increasing complexity in the world economy. 


1978 132 pp. (incl. 50-page statistical appendix) paper $4.95 


ETHICS, FREE ENTERPRISE, AND PUBLIC POLICY 
Original Essays on Moral Issues in Business 


Edited by RICHARD T. DeGEORGE, University of Kansas, and JOSEPH A. PICHLER, University of 
Kansas School of Business. In eighteen original articles, well-known philosophers, business educa- 
tors, and industrial and labor leaders of different political positions present their viewpoints on current 
topics of moral concern, including public sector strikes and advertising. 


1978 336 pp. cloth $11.00 paper $6.00 


MARXISM AND THE METROPOLIS 
New Perspectives in Urban Political Economy 


Edited by WILLIAM K. TABB, City University of New York, and LARRY SAWERS, The American 
University. “One of the most useful books of readings I have yet seen.... A counterpart to most texts in 
urban economics.” — Donald M. Peppard, Jr., Connecticut College 


1978 384 pp. cloth $10.00 paper $5.50 
Prices and publication dates are subject to change. 


OXFORD UNIVERSITY PRESS 200 Madison Avenue New York, N.Y. 10016 
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NUCLEAR POLICIES 

Fuel Without the Bomb 

Albert Wohistetter, Victor Gilinsky, Robert Gillette, 
and Roberta Wohlstetter, California Seminar on 
Arms Control and Foreign Policy 

These essays address technical, political, and eco- 
nomic aspects of nonproliferation in language that 
can be understood by specialists in all three fields, 
How to halt nuclear proliferation commands world- 
wide attention as the search for new energy resources 
by industrial and non-industrial nations leads to the 
spread of nuclear technology and the production of 
weapons grade fuel materials such as plutonium and 
enriched uranium in the name of energy indepen- 
dence. The background and consequences of this 
growing danger and possible solutions to it are the 
substance of these essays. $15.00 


SHORT-TERM MACROECONOMIC POLICY 
IN LATIN AMERICA 


{A Conference on Planning and Short-Term 
Macroeconomic Policy in Latin America) 

Jere R, Behrman, University of Pennsylvania, and 
James A. Hanson, Brown University 

{Published for the National Bureau of Economic 
Research, inc.) 

Abnormally widespread and severe inflation through- 
out the Carribean, South and Central America in 
1974 and 1975 prompted the economic summit that 
produced these papers, which re-examine short-run 
macroeconomic policies as applied to the Latin 


American economies. $20.00 
INTERNATIONAL MARKET LINKAGES 
AND U.S. MANUFACTURING 


Prices, Profits, and Patterns 

Thomas Pugel, New York University 

Analyzes the underlying determinants of U.S, inter- 
national trade and investment activity in manufac- 
tures and the effects of international trade and 
investment on prices and profitability in U.S, manu- 
facturing industries, Presents an empirical discussion 
of a number of hypotheses concerning interrelations 
‘among market structure, market conduct, interna- 
tional trade, and international investment across 
these industries. $15.00 


STALEMATE IN TECHNOLOGY 


Gerhard Mensch, International Institute of 
Management, Berlin 

This much acclaimed book links worldwide economic 
cycles—periods of growth and affluence as well as 
periods of recession—with innovations (or the lack 
of innovation) in technology. $15.00 


HHHOOHHHOBH 


HOSPITAL COST CONTAINMENT 
PROGRAMS: A POLICY ANALYSIS 

Edward F.X. Hughes, M.D., et al., Center for Health 
Services Research, Northwestern University 

This study evaluates two pending health care cost 
containment programs: the Carter administration’s 
“Hospital Cost Containtment Act of 1977” (H.R. 
6575) and Sen. Talmadge’s ‘“Medicare-Medicaid 
Administration Reform Act” (8.1470), Based on 
their assessment, the authors present a third pro- 
posal to overcome the limitations and expand the 
strengths of these bills. $16.50 


THE POLITICS OF HEALTH CARE 

JLH,U. Brown, Southwest Research Consortium 

Brown defines the actors in the health care arena in 

a political framework and proceeds to show how 

these actors try to influence the quality and costs 

of health care through PSRO and other legislation. 
$15.00 


THE ECONOMIC FOUNDATIONS OF 
NATIONAL HEALTH POLICY 

Allen S. Detsky 

Examines the foundations of the economics of 
health care in the context of the tools of standard 
economic theory, Illustrates how the medical sector 
violates and extends the parameters of that theory. 
Attention is given to specific policy areas. Includes 
extensive reviews of current literature and sugges- 
tions for policy approaches, $20.00 


INTERNATIONAL DENTAL CARE 

DELIVERY SYSTEMS 

Issues in Dental Health Policies 

Edited by John 1. Ingle and Patricia Blair 

(Published for the W.K. Kellogg Foundation) 

An international perspective on the delivery of dental 

health care, including reviews of dental service in 

fifteen countries. The emphasis is on dental health 

care in the context of a national health policy. 
$16.50 


Detailed descriptions of these titles, including contents and 
order forms, are available. Please send your request to: 
Ballinger Bookbriefs, 17 Dunster St., Cambridge, MA 02138. 


PUBLISHING COMPANY 


17 Dunster Street, Harvard Square, Cambridge, MA 02138 
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Contemporar 
Economic Problems 1978 


William Fellner, Project Director 


A collection of studies analyzing macroeconomic and structural 
problems facing the United States with chapters by: 
. Æ Phillip Cagan 
“The Reduction of Inflation by Slack Demand” 
Geoffrey H. Moore 
“The Current State of the International Business Cycle: A New 
Measurement System” . 


William Fellner 
“Structural Problems Behind Our Measured Unemployment Rates” 


Herbert Stein l 
“Price-Fixing as Seen by a Price-Fixer: Part 1” 


Marvin H. Kosters 

“Wage Behavior and Inflation in the 1970's” 

D. Gale Johnson 

“The Food and Agriculture Act of 1977: Implications for Farmers, 
Consumers, and Taxpayers” 

Gottfried Haberler ; 

“Reflections on the U.S. Trade Deficit and the Floating Dollar” 


Marina v. N. Whitman 

“The Locomotive Approach to Sustaining World Recovery: Has It 
Run Out of Steam?” 

Barry R. Chiswick 

“Immigrants and Immigration Policy” 

Robert B. Helms’ 

“Contemporary Health Policy: Dealing with the Cost of Care” 


353 pages/$6.75 


Please send me copies of Contemporary Economic Problems 1978 @ $6.75 each. 


Please send me sets of the three-volume series of Contemporary Economic Problems 
for 1976, 1977 and 1978 {a $17.50 value) for $10 a set. 


Please send me a free examination copy of Herbert Stein's monthly newsletter, 
The AEI Economist. 


Adress AMERICAN ENTERPRISE INSTITUTE 
City apaan a Department 585 

r 1150 Seventeenth Street, N.W. 
State —_____ a Washington, D.C. 20036 
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illis/Primac 
= z the text your 
understand 


EXPLORATIONS 
IN ECONOMICS 


James F. Willis and Martin L. Primack 
San José State University 

703 pages / Individual Explorations 
in Economics (study guide) 
Instructor's Manual / Test Bank / 1977 






8 
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Willis and Primack combine succinct coverage of theoretical concepts 
with a straightforward style to make this one of the most popular books 
on the market today. 





New in 1978! And These Perennial Best Sellers 
Pogue/Sgontz Watson/Holman Gruchy 
GOVERNMENT AND PRICE THEORY AND ITS COMPARATIVE 
ECONOMIC CHOICE USES, Fourth Edition ECONOMIC SYSTEMS 
An Introduction to Donald S. Watson, Emeritus Second Edition 

Public Finance and Mary A. Holman Allen G. Gruchy 

Thomas F. Pogue and George Washington University of Maryland 
Larry G. Sgontz University 686 pages / 1977 
University of lowa 445 pages / Instructor's 

514 pages / 1978 Manual / 1977 


For adoption consideration, request examination copies from your regional Houghton Mifflin office. 


RQ Houghton Mifflin 


Dallas, TX 75235 / Geneva, IL 60134 / Hopewell, NJ 08525 / Palo Alto, CA 94304 / Boston, MA 02107 
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Winner of the 1978 Woodrow Wilson 
Foundation Book Award 


POLITICS AND MARKETS 


The World's Political-Economic Systems 
Charles E. Lindblom 


This original and richly documented work makes a landmark contribution to our 
understanding of the crucial interconnection between politics and markets. 

“A great book, certain to be one of the most influential written 

by a political scientist in the past quarter century.” 

—Everette C, Ladd, Jr., Hoover Institution. $15.00 


Coming in the Spring, 1979 


THE EVOLUTION OF THE 


AMERICAN ECONOMY 
Sidney Ratner, James H Soltow, and Richard Sylla 


Three of the country's leading economic historians have written the first 
comprehensive history of the U.S. economy, from colonial times to the present, 
that actually integrates the latest findings of the “new” analytical economic 
history within the larger context of traditional narrative history. $16.00 


“Makes an important contribution to the literature of 


economic history. It is also enjoyable reading.” 
— Business Week 


MANIAS, PANICS AND CRASHES 


A History of Financial Crises 
Charles P. Kindleberger 


An enormously informative and entertaining history of financial crises from the 
time of the South Sea Bubble in the early eighteenth century to the world depression 
of the thirties and the mini panics of the early seventies. $12.95 

“Essential for understanding the crises of governability in 

the welfare state.” —Aaron Wildavsky 


CAN GOVERNMENTS GO BANKRUPT? 
Richard Rose & Guy Peters 


The authors examine the pressures which are confronting politicians 

in modern welfare states such as the United States, Sweden and Britain, 
with an unpleasant choice: cut public spending or undermine their own 
authority and face political bankruptcy. $12.50 


Classic texts for course use — 


PRINCIPLES OF MONEY, BANKING, 
AND FINANCIAL MARKETS 


Second, Revised and Expanded Edition 
Lawrence S. Ritter & William L. Silber 


“Exceptionally well written and comprehensive. Highly recommended.” 
—The Journal of Finance. $13.95 


INVESTMENT ANALYSIS 
AND SECURITY MARKETS NEW SIGNIFICANT. 


Morris Mendelson and Sidney Robbins 


“The most successful blend of traditional investment analysis 
with recent analytic discoveries and techniques to date.” 
—Robert Radcliffe, Professor of Finance, 


University of Florida. $17.50 BASIC BOOKS INC. 


10 EAST 53RD ST, NEW YORK 10022 
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Economic Response 
Comparative Studies in Trade, 
Finance, and Growth 

Charles P Kindleberger 


Kindleberger shows how economic history and 
analysis can interect and discusses how history 
can be used in a comparative setting to test 
economic models for generality. The important 
and unexpected result is to show how the 
application of economic models in given 
instances is strongly conditioned by social, 
socio-psychological, and political settings. 
Kindleberger believes that the comparative 
method yields richer insights than those avail- 
able from the history of a single economy. 
$16.50 


The Political Economy 
of Inflation 


Fred Hirsch and John H. Goldthorpe, 
Editors 

A group of distinguished historians, political 
scientists, economists, and sociologists exam- 
ines the spread of inflation since World War II, 
The authors focus on current situations, but 
also draw upon examples that go back even 
centuries. $14.00 


Productivity and the 
Social System—The USSR 
and the West 


Abram Bergson 

Focusing on the “Soviet Model; Bergson dis- 
cusses recent developments in planning and 
growth strategy. In contrasting Eastern and 
Western economic performance, Bergson uses 
sophisticated quantitative techniques to com- 
pare productivity while allowing for dif- 
ferences in historical factors. $17.50 


Harvard University Press 
Cambridge, MA 02138 


The Origins of 
Central Banking in 
the United States 
Richard H. Timberlake, Jr. 


Focusing on the intellectual and practical ori- 
gins of monetary policy, Timberlake utilizes 
government documents to enrich the existing 
studies of central banking. Economists, histo- 
rians, lawyers, policymakers, and politicians 
will welcome his new insights. $18.50 


The Village Entrepreneur 
Change Agents in India’s 

Rural Development 

Wayne G. Broehl, Jr. 


Broehl and his associates interviewed hundreds 
of rural business people to pinpoint the quali- 
ties that distinguish change agents from their 
tradition-bound comrades. The book describes 
a pilot program established to engender inno- 
vative attitudes, and provides a model that will 
help apply this new development strategy to 
other fields and countries. $18.50 


NOW IN PAPER 


Social Limits to Growth 
A Twentieth Century Fund Study 
Fred Hirsch 


“A brilliant book that focuses on three cen- 


tral questions. Why has growth been so 
unsatisfying? Why, despite the fact that we 
are all so much richer, do problems of dis- 
tributional equity loom larger rather than 
disappear? What has been the cause 
throughout this century of increased collec- 
tivism?”’—The Economist Harvard 
Paperback, 128 $3.95 paper; $10.00 cloth 
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New Titles from AHM 
To be published January 1979 


Macroeconomic Alternatives 
by Martin Bronfenbrenner, Duke University 

Among today’s economists, only a handful command the depth of knowledge and 
experience of Martin Bronfenbrenner, and few match his flair with words or his adroit 
explanations. His textbook integrates the best macroeconomic theories of this 
century into a refreshing modern perspective. Comprehensive yet genuinely 
entertaining and interesting, this text is a singular treat for student and teacher. 
About 464 pages $12.95 ISBN 0-88295-4104-0 


Published 1978 Monetary Macroeconomics 
by Thomas M. Havrilesky, Duke University and 
John T. Boorman, International Monetary Fund 
Monetary Macroeconomics offers a complete and conceptually integrated 
treatment of money supply theory, the theory of the demand for money, and 
monetary-macro statics from both Keynesian and neoclassical perspectives. 
Important material not found in other monetary theory and macroeconomic texts 
includes: nonlinear money supply theory; the theory and practice of bank behavior; 
the theory of the demand for money from an information-theoretic perspective; basic, 
mean-variance portfolio theory; an up-to-date survey of empirical work on the 
demand for money; and national income accounting emphasizing the relationship 
between income, wealth and financing constraints and the integration of those 
constraints into macro models. 


Published April, 1978 448 pages $12.95 ISBN 0-88295-401-6 


Current Perspectives in Banking: 
Operations, Management, and Regulation 


edited by Thomas M. Havrilesky, Duke University 
and John T. Boorman, International Monetary Fund 
This collection of articles by well-known economists covers recent developments in asset, liability, 
capital, and profit management and explores the latest innovations in banking services. It also provides in- 
depth analysis of recent changes in banking regulations. 


Published April 1976 568 pages $12.95 ISBN 0-88295-403-2 


Current Issues in Monetary Theory and Policy 
edited by Thomas M. Havrilesky, .Duke University 
and John T. Boorman, International Monetary Fund 
This excellent selection of readings by prominent economists is suitable for use in undergraduate and 
graduate courses in macroeconomic theory, money and banking, and monetary theory. 
Published April 1976 624 pages $12.95 ISBN 0-88295-402-4 


Money Supply, Money Demand, and Macroeconomic Models 
A textbook with readings. 
by John T. Boorman and Thomas M. Havrilesky 
Published 1972 528 pages $10.95 ISBN 0-88295-400-8 


Please write for examination copies for adoption consideration. 
For personal use, a 10% professional discount is allowed. 


AHM PUBLISHING CORPORATION 
3110 North Arlington Heights Road, Arlington Heights, IL 60004 
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A superb new principles textbook, 
absolutely in touch with economic 
and classroom realities 





Principles and Policy 


William J. Baumol 


New York University and Princeton University 


Alan S. Blinder 


Princeton University 


The stature of its authors is only the most 
obvious reason why Economics: Princi- 
ples and Policy will be recognized as an 
important new introductory economics 
textbook. In content, style, and approach, 
it will offer much more than impressive 
authorship. 


Baumol and Blinder have written a 
straightforward principles textbook abso- 
lutely in touch with economic and class- 
room realities. The macroeconomics sec- 
tion integrates price-level movement 
immediately and directly into the exposi- 
tion. The text’s unique development of 
aggregate demand and aggregate supply 
analysis allows an exceptionally clear 
explication of the inflation/unemployment 
trade-off, the stagflation dilemma, the 
Keynesian/monetarist debate, the bur- 
den of the debt, and other issues ina 
realistic, contemporary manner. At no 
point are students asked to study a hypo- 
thetical economy with fixed prices. In the 


microeconomics section, the presenta- 
tion is oriented toward the practical prob- 
lems faced by consumers, business, and 
government; in fact, many of the micro 
chapters are structured around real 
dilemmas that students will be able 

to solve with the tools provided in the 
chapter. 


The authors have looked far beyond the 
final examination in establishing the basis 
for economic literacy. Twelve essential 
economic principles are enumerated in 
the first chapter and stressed throughout 
the book. Some of these “Ideas for 
Beyond the Final Exam”—the inflation/ 
unemployment trade-off, for example— 
refute popularly held beliefs; others offer 
students a new framework for problem 
solving. All, of course, are crucial to under- 
standing and formulating economic policy. 


Publication: March 1979 

800 pages (probable) 

To be accompanied by Study Guide, 
Instructor’s Manual, Test Bank 
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UNEMPLOYMENT INSURANCE NEW RELEASE 


Global Evidence of its Effects on Unemployment 


This book contains thirteen papers originally presented at an International Conference 
UNEMPLOYMENT held in Vancouver. The proceedings begin with a broad, non-technica! examination by 
INSURANCE the two editors, Herbert G. Grubel, Professor of Economics, Simon Fraser University and 
Sioeattnaeaces Michael A. Walker, Research and Editorial Director, the Fraser Institute, of the relation- 


uts Nitecis on Unemployment 


ship between “moral hazard”, unemployment insurance and the rate of unemployment. 


In Parts | and Il, the participating economists examine, empirically and theoretically, 
contemporary experience of national programs for dealing with unemployment in nine 
countries: in the United States (Daniel S. Hamermesh); Canada (Ronald G. Bodkin and 
André Cournoyer); New Zealand (Geoff P. Braae); Sweden (Ingemar Stahl); Belgium (M. 
Sian entries Gerard, Herbert Glejser and J. Vuchelen); Ireland (Brendan M. Walsh); France (Emil- 
eee a] Maria Claassen and Georges Lane); Federal Republic of Germany (H. König and Wolfgang 
Franz); and Italy (Paolo Onofri and Anna Stagni). 
In Part HI, to add an historical perspective, two papers examine British social insurance 
systems —the 19th century Poor Laws (Stephen T. Easton) and the unemployment relief 
of the 1918-1939 inter-war period (Daniel K. Benjamin and Levis A. Kochin). This Part 
also contains an econometric study of unemployment insurance programs across a num- 
ber of countries (Dennis Maki and Zane Spindler). 
In addition to the delivered papers, the book contains provocative discussions by an 
international roster of economists who commented on the formal proceedings: Melvin 
Reder; Erwin Diewert; John Helliwell; Stephen M. Hills; Michel Bergeron; Joseph E. 
Hight; Angus Maddison; Ernst Berndt; Louis Jacobson; Martin Feldstein; Samuel Brittan 
and John Cragg. The informal discussions are summarized by Sandra S. Christensen. 


400 pages * 21 oes e 18 pages of extensive bibliographical references and notes 
82 tables $12.95 paperback ISBN 0-88975-008-4 


Ol IN THE SEVENTIES Essays on Energy Policy 


Edited by G. Campbell Watkins, President, DataMetrics Limited, Calgary and Visiting 
MIL Professor of Economics, University of Calgary and Michael Walker, Research and Editorial 
1 THE SEVENTIES ‘Director, the Fraser Institute, Vancouver. 
ent 1 Part One, Energy in the Marketplace, contributors include Russell $, Uhler of the 
University of British Columbia (on economic concepts of petroleum energy supply); 
Ernst R. Berndt of the University of British Columbia (on Canadian energy demand and 
economic growth); and G. Campbell Watkins (on Canadian oil and gas pricing). 
NENEA in Part Two, Government in the Marketplace, contributors include Walter J. Mead of 
ithe University of California, Santa Barbara (on private enterprise, regulation and govern- 
ment enterprise in the energy sector); and Edward W. Erickson of North Carolina State 
‘University and Herbert S. Winokur, Jr, of Harvard University (on international oil and 
multi-national corporations). 
In Part Three, Oil in the Seventies: Policies and Prospects, contributors include G. David 
Quirin and Basil A. Kalymon, both of the University of Toronto (on the financial position 
of the petroleum industry) and James W. McKie of the University of Texas at Austin (on 
United States and Canadian energy policy). 
Milton Friedman has described Oil in the Seventies as: “an extraordinarily good collec- 
tion (of essays) which maintains a uniformly high standard throughout”. 
320 Pages . 17 Charts . 25 Tables ° Index 
$3.95 paperback ISBN 0-88975-011-4 $14.95 hardcover ISBN 0-88975-018-1 


20 page illustrated catalogue available on request. 
AVAILABLE AT BOOKSTORES OR BY MAIL FROM 


THE FRASER INSTITUTE, 626 BUTE STREET, 
VANCOUVER, BRITISH COLUMBIA, CANADA V6E 3M1 
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BD) Nontariff Agricultural Trade Barriers 


By Jimmye S. Hillman 
Me Foreword by D. Gale Johnson 


The growth of nontariff trade barriers during the last two decades represents a major threat to both 
international cooperation and the future of an efficient agriculture throughout the world. If recent 
trends are not reversed, the author argues, the fragmentation of world markets for agricultural 
products will increase. In short, more and more of the world’s agricultural products will be 
produced in the wrong places and at tremendously high costs. 

xvi, 226 pages $13.50 


The Economics of Freight Car Supply 
By John Richard Felton 


Examining the existing system of freight car allocation and specifying the conditions for an 
optimum fleet and its optimum utilization, Professor Felton presents a fairly detailed plan for a 
system of teletype-auction markets which could alleviate long-standing problems of car distribution 
and produce a savings estimated at $772 to $964 million per year. 


xii, 115 pages $9.50 
University of Nebraska Press oe 
` 901 North 17th Street, Lincoln 68588 —— 





ECONOMY AND SOCIETY 


by Max Weber 
Edited by Guenther Roth and Claus Wittich 
with an Introduction by Guenther Roth 


Now available in a two-volume, boxed set, Weber’s definitive Economy and Society was the first 
strictly empirical comparison of social structures and normative orders in world-historical depth. 
This is Weber’s only major treatise intended for an educated general public. 

1648 pages in a two volume, boxed set; cloth $52.75, paper $22.50 


DEPENDENCY AND DEVELOPMENT 


IN LATIN AMERICA 


Fernando Henrique Cardoso and Enzo Faletto 
Translated by Marjory Mattingly Urquidi 


In this expanded and revised English edition, Cardoso and Faletto offer a sophisticated analysis 
of the economic development of Latin America. 


256 pages, cloth $18.50, paper $4.50 


At bookstores 


CALIFORNIA 


University of California Press Berkeley 94720 
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The Harry G. Johnson Memorial Symposium 
Special Supplement to 

Canadian Journal of Economics 

Revue canadienne d’Economique November 1978 


Keynesian economics, equilibrium and time by A. Asimakopulos 
Harry Johnson: macroeconomist by T.J. Courchene 


Harry Johnson's contributions to the pure theory of international trade 
by R.G. Lipsey 


The balance of payments: a survey of Harry Johnson’s contributions 
by J.F. Helliwell 


The economics of nationalism and the nationality of economics: 
a critique of neo-classical theorizing by M. Watkins 


Canadian economic policy: some perspectives suggested by 
the work of Harry Johnson by G.L. Reuber 


Price $6/copy. Free to subscribers 
Subscriptions ($30/yr. for institutions, $20/yr. for individuals) 


Send orders for Supplem&nt and/or subscriptions to: 
University of Toronto Press 
5201 Dufferin St., Downsview, Ontario, Canada m3H 518 
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PERGAMON POLICY STUDIES 
A New Series From PERGAMON PRESS 


ime John Kenneth Galbraith 
and Nicole Salinger 


EVERYONE'S 
GUIDE TO 
ECONOMICS 


$ $8.95, now at your bookstore 
Ry Houghton Mifflin 
| Company 


2 Park St., Boston, Mass. 02107 






PERGAMON POLICY STUDIES responds to the “information explosion” and the need for 
original data and analysis on policy issues. New and forthcoming titles are: 


THE FUTURE OF BUSINESS: Global Issues 

In the ’80s and '90s 

Published in Cooperation with the Center for 
Strategic & International Studies of 
Georgetown University 

Edited by MAX WAYS, Georgetown University 
200pp. (approx) 0 08 022477-6h $20.00 approx.) 
Fall 4978 0 08 022476-8s $ 6.95 (approx) 
Softcover student editlon available only for 
orders of three or more, except for faculty 
members. 


BANGLADESH - EQUITABLE GROWTH? 

By JOSEPH F. STEPANEK, U.S. Department 

of State 

300pp. (approx) 008 023335-X h $20.00 approx) 
Winter 1978/79 


Prices slightly higher In Canada 
All prices subject to change without notice. 


h-hardcover s-softcover student edition 








PERGAMON PRESS 
Fairview Park, Elrnsford, New York 10523, U.S.A. 
Headington Hill Hall, Oxford OX3 OBW, Engiand 


75 The East Mall, Toronto, Ontario M8Z 5W3, Canada 


PUBLISHED IN COOPERATION WITH UNITAR 
The United Nations Institute for Training 
and Research 


THE OBJECTIVES OF THE NEW INTER- 
NATIONAL ECONOMIC ORDER 

By ERVIN LASZLO, ROBERT BAKER, 

ELLIOTT EISENBERG, and VENKATA RAMAN, 
UNITAR 

288pp. Sept. 1978 0 08 023697-9h $46.00 
THE CRISIS IN FORECASTING AND THE 
EMERGENCE OF THE “PROSPECTIVE” 
APPROACH: With Case Studies In 
Energy and Air Transport 

By MICHEL GODET, METRA Consulting Group, 
Translated by Jonathan Pearse, Foreword 
by Philippe de Seynes, UNITAR 

460pp. {approx} 0 08 022487-3h 
Winter 1978/79 $45.00 (apprex.) 
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STUDIES IN | 
ECONOMICTHEORY 


‘Introducing a Distinguished New Book Series 


CAPITAL, INTEREST AND RENT: 
Essays in the Theory of Distribution 
by Frank A. Fetter 

Edited with an Introduction by 
Murray N. Rothbard 


This new collection of Fetter’'s essays 
systematically treats the fundamental 
problems raised by the Cambridge- 
neoclassical debate over distribution 
theory. Fetter had argued against capi- 
` tal as “produced means of production” 
and for an accounting concept of capital. 
Fetter replaced Ricardian differential 
rent with a “marginal productivity” 
concept of rent. In addition, he argued 
that time preference rather than the 
marginal productivity of capital deter- 
mines the interest rate. In contrast to 
Fetter’s incisive treatment, neoclassical 
theory has confused the determination 
of the rate of discount (interest rate) 
with the determination of that which 
is discounted (rents). Although the 
Cambridge-neoclassical debate on distri- 
bution theory has raised many important 
issues, neither approach has successfully 
resolved the fundamental problems, 
Capital, Interest, and Rent now provides 
the missing systematic treatment. 


408 Pages, Index 
$12.00 Cloth, $4.95 Paper 
($5.50 in Canada) 


For free catalog 
please write: 


SHEED ANDREWS S "A Mi M 
& McMEEL, INC C3/VIL 


6700 Squibb Road/Mission, KS 66202 


CAPITAL AND ITS" 


STRUCTURE l 
by Ludwig M. Lachmann 


Generally, economists have treated 
capital as a homogeneous aggregate 
“stock” or “fund,” whose component 
parts are merely units of money value. 
Ludwig Lachmann provides an 
impressive exception to this traditional’ 
treatment. He provides an exacting 

and penetrating examination of capital . 
resources as heterogeneous factors, intri- 
cately interrelated to form an economy’s 
capital structure, and continually being 
reshuffled in response to the dynamic 
productive process. Lachmann approaches 
his subject by combining the work of Carl 
Menger, Frank Knight, and Friedrich 
Hayek. Capital and Its Structure details 
capital formation and adjustment as a 
continuous transformation immensely 
complex in its combinations and 
heterogeneous flow, and capable of 
coordinating the ever-changing plans 

of individual participants. 


156 Pages, Index . 
$15.00 Cloth, $4.95 Paper 
($5.50 in Canada) 
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Economies for Managers 
CHARLES J. STOKES, University of Bridgeport 


Designed for business majors in economics courses, this text offers a solid base 
J microeconomic theory, discusses all areas of managerial economics, and shows 
students how to use the results of econometric analysis and mathematical 
applications in making business decisions. 

1979, 512 pages (tent.), $13.95 (tent.) 


Intermediate Macroeconomies 
eee R. DARBY, University of California, Los Angeles 


Here is an outstanding treatment of macroeconomics designed for courses that 
es either a monetarist view or a synthesis of monetarist and Keynesian 
approaches. Such issues as inflation and unemployment are central to the text, and 
are viewed in relation to the short and long term effects of shifts in monetary policy, 
fiscal policy, and autonomous expenditures. 

1979, 512 pages (tent.), $15.95 (tent.) 


Labor Economics: Choice in Labor Markets 
33 DON BELLANTE and MARK JACKSON, both of Auburn 
W/O 


University 


This new text provides a systematic introduction to labor economics that 
emphasizes the role of choice in labor markets and reflects recent research in the 
field. Part One develops a simple market model which is extended and refined in 
each of the later chapters, affording the student a much fuller and more accessible 
understanding of the labor market than is available from more conventional texts. 

1979, 416 pages (tent.), $15.95 (tent.) 


LANCE TAYLOR, Massachusetts Institute of Technology 


This book uses numerical examples and worked-out planning exercises to 
present a series of models applicable to planning and policy formation in 
underdeveloped countries. The focus is on macroeconomic models that deal with 
problems at the national rather than the regional level. 

1979, 224 pages (tent.), $19.00 (tent.) 


| ( Macro Planning Models for Developing Countries 


COLLEGE DIVISION/McGRAW-HILL BOOK COMPANY 


1221 Avenue of the Americas, New York, N.Y. 10020 Prices subject to change 
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1979 Editions 


MACROECONOMICS: Analysis and Policy, Third Edition ` bP oe ae, 
MICROECONOMICS: Analysis and Policy, Third Edition ra ee, 








Two Volumes—Paperbound. Pius a complete package of teaching aids. | a i ie eo 


Lloyd G. Reynolds, Yale University r i Eo 
MODERN PUBLIC FINANCE, Fourth Edition i 


Bernard P. Herber, University | of Arizona 


INTRODUCTION TO INTERNATIONAL ECONOMICS; Seventh Edition 
Delbert A. Snider, Miami University (Ohio) 


MICRO-THEORY AND ECONOMIC CHOICES 


R. Stephen Polkinghorn, Calfornia State University, Sacramento 


PUBLIC POLICIES TOWARD BUSINESS, Sixth Edition 
Wiiliam G. Shepherd, University of Michigan and the late Clair Wilcox 


COMPARATIVE ECONOMIC SYSTEMS: Models and Cases, 
Fourth Edition = 
Edited by Morris Bornstein, University of Michigan- 


E 
GE 


2 E , R bs e 
PUBLIC POLICIES TOWARD BUSINESS: Readings and Cases, 7 
Revised Edition (paperbound) 


ASS 


. Edited by William G. Shepherd 


MANAGERIAL ECONOMICS: Text, Problems, and Short Cases, 
Fifth Edition 


Kap-Kyung Seo, University of Hawaii, and Bernard Winger, 
University of Dayton 
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